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PREFACE 10 TOE FIHII VOLUME 


Till' presemt Paifc completes the Fidh Volume^ and with it 
teiminates the picseul Suies of these Mcmoiis llus Volume 
has extended to an unusual lengthy owinp to the impossibility 
of including in the foui Numbeis Piofcssoi Plateau s intcicstin^^j 
Fcscaichea on the Piguics of ]Lqiulibuum^ which, as the hist 
pait had appealed in oin rouilh Volume, it was dcsuable to 
complete m the picsent Senes Besides the intcicstmg ic 
seaichcs just alluded to, the picsent Volume coiilauis, among 
oihei valuable papcis, licsucls (clebialcd tiealiso on Double 
UefiacUon, Pluokci’a vauous papcis on Diamagnetism, Wobci’s 
impoitani memoii on the Mtasiucmcni of 1 lectio dynamic 
1 01 CCS, and KnoblaucVs Investigations on Itadumt Heat, which 
ha^c been pionouncod by one ol the most eminent philosophcis 
of this Gountiy as ^^noi to be smpisscd foi extent and accmacy 
of detail 

Ihe management will now pass into oihei hands, and tlic 
woik will leceive that attention winch of lute I have been pic 
vented fiom devoting to it by xnci casing ycais and othoi cucum 
stances It is hoped, that by a inoic icgulai publication, and tiic 
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separation of the Physical from the Natural History Sciences, ^ 
the New Senes may acquire a wider cii dilation, and accomplish 
moie fully the oiiginal puipose ot the ^^olk, — that of making 
the friends of Science m this countiy acquainted ^Yitll the 
investigations and speculations of their fellowdabourers on the 
Continent, 

In letiung from the field as Editor, it affords me much 
pleasme once moie to acknowledge the valuable assistance 
which I have leceived from many kind fiiends since the com- 
mcnceincnt of this woik, and especially from Colonel Sabine, 
the Eev* P R. Robinson, D.B*, Professors Faiaday, Wheatstone, 
Lloyd, Foibes, Millei, Baden Powell, Challia, Owen, Sir J. Lub- 
bock, and the llcv. A. W. Hobson It now only remains for 
me to commencl the New Senes to the attention and support of 
the English scientific public* 

August 23, 1862. 

RICHARD TAYLOR. 
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AmiiGJi I 

Coni) ibuliom to Uk ( ompaiaiuw Phijmhijy of the JuvoUlnali 
Ammalsy btmy a Phyuoloyico Chemical Invc^Kialion thj 
Dl C VHL ScitMIDl'* 

[Iiiblisli (1 ns n scpmnto woil nt HuinswicK isi^ ] 
iNlUODUCilON 

Tl ^^e suivey the animal ci cation— if wo disccin in the infuutc 
■^ancty ol c\tcinal aspect the ncccssaiy ksuIL only ol an lutcinal 
simctiuc — ify fiom numuous obscivuUons on the duclopuicnt 
of these founs, liom oiif^unl unity in the cell to then utmost 
complexity, ^^e distnif^uish cdtam eominon moipholo ical p( 
nods ^\hKll Mc uiitU into lypicai lawn of foimalwn — lastlj 
if ascending fiom the simpUat to the most compound, mc cu 
dcnvuiu to compiisc foims coiu ipouding to similiu stugea of 
d(\olopment nutmal o)de)^ oifaimluH tlu question mp(s 
itself upon \\% Docs an antilogouH comhuiation ol the Llumiml 
go hand in hmd \Mth the homonymous development of the mo) 
pholof/ical dements oi not? mshent, uhat connexion is thcie 
hciG between foim and compeisition, betuecnthoelcme'ntaij con 
stitulion of mattei and i(s cxtuiml, mathcmatieally eUflnnblc and 
ap]}iopuate hmitutum in space? Although jdiyaioloj^ical die 
mistiy has maele audi cxtiaoulinaiy piogiess within the last few 
yoais, nevcithdess lu this dncctiou baiely anything 1ms been 
done and dcdiie lions by analogy fiom existing obseivations on 
tlic Vei tebiata aic as w e shall see , inapplicable to the moic simple 
sliiu (in os of the Invn tebiata fiom the Cephalopod down to (he 
Monad I aatly, altboiigh sound and natiual philosojiliy 

* i uunlattid fioni the Crcimiia b} J W CJunub MI) 

XOT Y lAlll WIl n 



2 SOIIMIDl' ON THE COMPARATIVE PinSIOLOG\ 

foibkl US to baso lofty edifices of thcoiiea and laws upon but few 
observations^ on the othci hand it compels us not lo be satisfied^ 
like the inason^ with the meic collection of the buikhng-stoncs, 
and to lose sights ovei accumiihitmg details^ of a higher object^ 
but at ceridui stages to look aiound, to aiiangc the lesulls ob- 
tained, <0 compaic them with kno^^n ph.miomcna, and thus to 
extend oui mtcllectunl hoiizon. 

The picsciit tieatise foims an attempt at thiSj vi/, to test 
expel imcnially ReiPs celebrated position, "that the pheunomena 
of individual life arc the nccessaiy icsult of form and com- 
position,” to intioducc* a new clement, comj^auitivc chemisUify 
together with comimralive anatomy y into the physics of oigannced 
beings, and thus to obtain new points of support for a latimial 
philosophy of nature* Of course the leal value of rough and 
minute compaialive anatomy, especially tlic latter, ought not to 
be dcpipciatcd. Where it appci tains to the subject, I have con- 
sidcicd it nccossaiy specially to detail the icseaiches of others as 
well as myself on this point. 

I have, however, avoided unnecessary anatomical detail, My 
desire was merely to state my own obscivations^ and cspecuilly 
to show how comparative anatomy and clmmtry mutually sup- 
port each other, and must go hand in hand in order to foiin a 7;//?/- 
siology of the animal kingdom, which, for its part again, can then 
alone suffice to satisfy the higher mental claims when in combi- 
nation with psychology and speculative philosophy generally. Un- 
fortunately but little has been effected m legaicl to the latter; 
in fact, contiary to thcbioad path of cmpiiical investigation, i! 
constantly recedes fiom us; of course abstracted from the un- 
founded phantasies of the incompetent followcia of the youthful 
Schclling, which being now oui of date, meicly deseive mention 
as forming historical records for our futuic wauiing 

I have fiist given a general sketch, then piocccd to the details, 
and finally recur to all that has been picvionsly stated, where I 
shall attempt to developc some interesting positions in general 
physiology based upon them, 

I. General View, 

We so often find m the animal and vegetable kingdom a 
lemaikable connexion between mattei anti form, c. a peeubai 
foim and airangement of the morphological elements so frequently 
conesponds to a definite combination of the chemical ones, that 
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ML me compcllofl to icp;aul tins conucMoii ns is^uUnd iiul \^c 
rven mm ni a motlun gaib ^uld the fmt phcc jn oui 
ex])ciimcutal scirncts to tlir nious idcis amUi Red 

ioimcily commenced his Aicliivcs 

Ihc gieutei the impoi tance ot an oi^nn^ the mmc docs the 
Aaiulyin the combination ol its chemical elements disappeai 
Ihe ncivous system i c the pimiitnc hbies and tin ganglion 
cclls^ docs not appeal to piesciit any chemual dincieiiccs how 
cvei^ nothing ccitun ean be biscd upon mcie muioscopie uac 
tions Ihc musculai system^ ? c Ihe pumitnt bundle (both the 
smooth and the tuinsvosely shmitd)y c\lul)itthe same composi 
lion In the vasculai system ? ( the w ills of the tubes, we 
also find no difieiencc — both belonging to the pi oleine com 
pounds, Ol being ncaily lelatcd to them Ihc intestinal canal 
w ith its append igcs foims the tiansitiou to the cutaneous sj stem 
the cpiiheha loHow next, hoiii) plates, and ecilam inembianea 
winch aic situated between tlie epithdm and the musculai 
lamincc, ox lathci which themsehes pcifoim Ihc funclions of 
opitlieha, exhibit ihe same composition whilst the appended 
glands (tlic pancicas, livci and mhvaiy glands) cve lading then 
sepuate secioUons consist of pioteiiie (omjioinuls Ihc same 
apjdies to ihc lospnatoiy sjstein Ilu exUinal tiiiues of tlu 
lamini ol the gills, as ilso tin (ladica conespond to tlu eutu 
ncous systiin lastly, tlu laiUi i e thetigumenls destined 
as a piotediou fiom extern il infiueuces, exhibit tlu utmost 
vaiietj in fonii and eonibmaium In ihe Jn(/hcsi yutde of the 
animal kingdom this system eonsisls of pioteuie (om[)ouiuls tt 
ts pw ely animal in ihe ininmiduiU ones it is comtnvul xmWx 
the cutmeous sjstem ol plants finally in tlu lounst it is idui 
iical With the latiu lienee Uu AHollasia stand hK/ho than the 
Ailioulatay the laltei occupy the infumodiaU slaitony the 
/oophyUsy m the line sense ol the woid au plant anunah 
Ihc tiansition stages aie all ixtiemely mteie sting lluis, ui 
the Ciiupuluty fioin the am alone lluy should, in a histo 
logiGO chemual point of view, be aiianged among Ihc Astmdata 
{fiuUaeQa)y whilst liom ihc she 11s tlu y should lie placed with the 
ihmUves Again, the w hieh loim the tian ition fiom 

the Mollusea to the /oeipliytcs, aie auan^ed, liom the ddioate 
fltiuctuic and the chemical jnopcitus ol then tiunes, among 
those ammuls which have a vegetable mantle T asllj, also tlu 
mosl simple loims of Ilu animal woild {lUudlaua) foim tians 

n 2 
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itions to the pi unary vegetable-cell (mother of vinegai^ yeast'- 
cell), among mIucIi, ^vith oui scholastic defimiion of the notion 
of animal and plant, nc fall into a most rcinaikable clifliculty, toi 
thae (lie organic beings tohick combine the oiganie ?c- and de- 
composing foices (Stoffn cchscl) and ihc chemical consliluonis oj 
ike j)Uini loith the locomotion of the animal t 

II, Special Oh^ei vations and Deductions 
A No vous System* 

As IS well known, wo find a gieat unifoimity in ilic minute 
stiuctme of the nervous *elcm,enta of the Veitebrata, and, judging 
fioin imcioscopic icaclions, also in tluni chemical composition. 
In all V e find ganglionic bodies and pimiitive lubes j these w lieu 
flesh aie filled with homogeneous^ highly icfi active coiitciUs, 
which after death coagulate and become granular. Alkalies make 
the external outline of the ganglion-cells, also that of the pi imitivo 
fibre (cell-wall), swtU, become pale, tianspaient, thou disappeai 
(solution); the finely -gianulai contents become convex Led into 
laige highly lefi active chops, which me unchanged by acids and 
alkalies, and aio dissolved by mthei ; acetic acid acts in a siinilai 
mannox, but does not cause tiue solution, which points out that 
the wall of the primitive tube, as also that of the gangUon-cclI, 
18 entnely composed of the ccllulai tissue ot the adjacent sub- 
stance, whilst fat, in a peculiai state of combination with albu- 
men, fox ms the fluid contents. 

If we legnxcl the diffeience between the ganghon-cell and the 
primitive fibie ns an essential moiphological fundamental con- 
dition of the inechamsm of the neivous system goneially, ns the 
originator and conductor of an active system of foxccs (ncivous 
agency, neivous punciple, &c,), ue should natuially find it 
wheievex the effects of this system aic peiccptible; and, in fact, 
Ye do find it in the animal senes geneially, so fai as wc me able 
to tiace these effects It is extremely pi obablc tluit 

this peculiar system of foices lequucs a poculiai nmtciial sub- 
stratum, in addition to a stiuctmally distinct one, m outer to be 
appaient in its actions, consequently to bo perceptible to us. 

♦ Valentin, Comae and Teimimitinns ol llie Neivea^ tab 8^ mul Wijrnoi, 
Ilandm)te}huc}h\) 700 (Ciuu-fjsh) The Iiittci authoi and Ileiilc, JVlullciN 
/ttchiVf 1810, p 318 «iul EchinoDhifncku'i^^ llcide, dU^vmoinc 

Anoiomie, p 773 lillncnbeig, Desciiptiun oi a leinaikable an hitheUo un- 
known Stuiefme of the fiiain, tab 7 
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Chemical inalysis*^ lua piovcd tlit e\isleiicc aC the foimci, and 
the nucioscope that of the liiltci m viitcbiate iiiiinils, the e\ 
hnouhnai} quantity of pcuilnx fit mil the Hij^e amount oi 
phosphoiic acid ait not found clsewheie in the aiiinuil body 
B} the abo\( icactions I salisfud myself in the ctsoplu^cal 
iin^ of AnodontOj IIcJt% [pomaiia) and T imnmu^ [stagnali^) as 
iipieseutatnes of the Alollnsca^ in IhtCiau hsli Cockchafci and 
^(oinetiical spiclci {! ptDa diadana) ol the Aitiuihita, of the 
identity of the chcinital composition of tlic ntivous tlenicnts m 
these diftcicnt families, so that I consulu the conclusion of the 
chemical identity of the ucivous lysLcni in the animal senes at 
least, as not too ha/aidous, that nci ves, n Inch can only mi th 
^icat diflieulty be isolated sulheiently foi nueio eopu cKamina 
tion, cannot be subjected to elcmcutniy analysis, is self evident 

B Aluscuht) SyHcm 

As we know, two moiphological museulai elements aic distm 
{flushed in the vciiebialc animals, — tiansveisel^ stiiatcd piimi 
live bundles and smootli fibics, winch moicovei evlubit niimc 
lulls intcimcdi itc stages, as m the heait llic qucHtion of the 
existence of a chemical cliftcicnce coiiespondm^ to this moipho 
logical one, has as yet ncithci been siij^j^csted uoi cxpiimunlally 
deteuuined the lallei would dso he efleeUd with ^C 1 J gical 
dilhculty, cspcciully witli the active absiinilati'vc chaiif^es iii tho 
hiiLjhei veitebiaU unuuals, the inleianechati pioduets of which 
iidln 10 veiy iiitim itcly to the inoipholof,ie d elements Wo find 
fewd difhculties ui tlie moi( simple oi^ani/ation ol the InvciU 
bialn llu Ai tuiiluta Imvi tiunsvcisflj sUiated, and tlic Mol 
liiMca smooth mnseulai ell meats \ luveillitl sstlii dcvelopmeid 
of the twof cxlnbits gicat umfmmitj in fact, m the ^oun^^ 
^U\^{ s of the C lustuceu wc find plane pnnntive fihies, whic h sub 
siquiutly aiquiu tlu U aanvii si ly stunted aspect llu next 
question was, wlieihei ilu sumi uniloimity oeeiined us ugaids 
then composition 1 Uiexefou sipumUd thclai^t tiioiaeir mus 
cl( 8of the Cocl eliifei the muHrlca of the posU iiox abdominal scf, 
meats of ilu Cinw fish, and ilu tuldiicLoi inuHclesi of Aiioclonta, 

Iirni> 7 Imhiui No Jll p I ir 

I H Wat^iiu IVhillci // hiv lai p US 

I 1(1 liio \cifcbjaln b l VakiUm flint ny of U vd pai lU p 07 laul 
Mulloi fl /hokii IHlO p IJ8 S hwiinu /)/// ov/ pi ho Uni isuchunj i 
p lt/6 I ft Ilk III) nemo /Innt n r (iOO hi tli CnIiilipKlii A Kdlilai 
/ ulit Uiiun jsff sUiitf I do Cophalpofn /uuoli UUl p fO 
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carefully fioin the abdomen, stcmum^ hu^o blanches of 
nerves, &c , cKhaustcd them of Ihc nuiuiive fluid by maccH 
in ^Yatel, and of the fat in the minute ncivous twigs by ak 
and ccthcr , the lesiduc nccessauly constituted the pine piini 
fibre* When clued at 266® F., and biunt m oxygen gas 
small pliitinuin vessel, it yielded as follows ^ : — 


a. Ciaw-fish* 

Deteiminatioii of the Ash* 


0*360 of the substance gave 0*0115 ash (puic phosplui 
lime) == 3 194 pci cent/ 

Nltiogen. 

I* 0*349 of substance gave 0 819 ammonio-chloiidc of 
tmum = 16 22 per cent nitiogen* 

11 0 3845 of substance gave 0*916 ammonio-chloiidc of 
tmum = 15*34 pei cent, nitiogcn 

Combustion. 


a 0*7525 of substance gave 1*391 caibonio acid and 0* 
r carbon • . 52 14\ 

* . 7'IOJ 


w atci 


pci cent. 


\hydiogen. 

i. 0 of substance gave 1 331 caibomc acid and 0* 


water = 




b Coch Itafc) 


Deteinnuation of the Ash. 

0 2435 substance gave 0 008 ash (phosphate of lime w 
little phosphate of magnesia and a tiacc of oxide ol iron) = i 
per cent. 

Nihogen. 

I, 0*378 substance gave 0*886 ammonio-chlondc of 
= 15 20 pel cent, of nihogen. 

II. 0*367 substance gave 0*867 ammonio-chloiiclc of plat 
==: 15*34 pel cent, of nihogen. 

Combustion, 


a, 0*720 substance gave 1*336 caibonic acid and 0*4515 

f carbon ... 52 35 \ . 

^ ^ > per rent 


I 1/C.^A iO 

Ihyd 


rogen 


7 20 ^ 


^ Tlio intiogcn ^\as estimated by VauciUiapp niul WilPs motliod I’l 
rul.itioiis, 111 tins as in all the following analyses, aie imulo uftoi tlio ded 
oi the asli 
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h 0ri2S substance ^n\G I caibmiic acid and 0 380^ 
, fcaibon 52 08") 


hydio^tn 


52 081 

711/ 


pci cent 


biodonia 


Dctunimatiim of the Ash 

0 102 substance gtnc 0 0075 ash (puic phosphate of lime) 
= 1 80G pti cent 

NitiOf^on 

0 355^ substance ga\c OS52 uTiimonio chloiidc of platinum 
= 15 33 pel cent niU0t,cu 

CombusUon 

a 0 GI 78 substance gave 1 2 H) c u borne a( id and 0 walei 
_ r eaibon 52 10\ 

LhydiOt^cn 7 3l/^ 

h 0 593 substance gne J 119 caibonie aeul and 0 380 ualei 
fcaibon 52 50l 

Lhvdiogen 7 J ^ 

We tlius liave^— 


52 lOT 

cent 

nee g nc J 119 ca 


liimitiK inuscultn Imiidl 
linnsvds b 1 

^ ^ r~ 

A /J iacH flntuti I H 1/ I Imihunh^ C 


Sni ah 
hi (itifuitfiii 



1 « 

1 

1 (I 

1 u 

il 

( ub^)u^ 

5 ^ 11 

52 50 

52 T) 52 08 

52 10 

5 MO 

Ilydiogen 

7 10 

7 itt 

7 20 711 

7 n 

720 

Nitio^t u 

1 23 

15 11 

15 20 15 JJ 

15 3J 



W( thus see thab ni these upics( utativcs of the At ticulata and 
Mollusca tlieie (\isfs a unifoim coniposiUon in those oiganu 
(It incuts, tlnougli the incdiinn of which sponlaneous motion is 
eflected Among the /oopbylts tlu hmest loun of the niumal 
woi 1(1 at my disposal u us 1 lubg |, to which I shall 
heitaftei mmutely itfet in tin eonsuleuition of tlu (utfuieous 
sysUm I found m it 15 pei tent of a substance itsemhhug 
luottiuc and aboumluit, ni mtiogeii, and ulncli ni its icactious 


* I ho ( qiuviil at ( f (uihoii bcin^ / 1 lIuU >1 hydi )^on ^ 12 r aiul 
niti LOU =: 17 (iiom 1 idi luna and Mai h aid h ddciinniatu n) a tmdjnf, in 
ulucii tho Inyuilhin lot (al ulalin^ tlio niU t^in linoi Iho aninionu) cldundo 
>f ilatiinnii foimotl (which inuBi bo add d lo llio hLauthni of tho JiUcO la 
=== 707Hf 1 

I I In 01 1 ) 01 ^ i)io Infmion I huuhenah v U! omvuno Oi(jaftnm n Jleilin 
ISIS \) 212 I Incuhci^ aaw a hu a 1 and Ihuk f Jot which boi red fi loco 
nintion pi ijccl fiom tho (aiapaco in <ho oloscly allied I/fiuoitla fnlva — / c 
11 17; f7S 



8 


SCUMIDT Ol^ TIHii COMl’AEATIVB PUYBIOLOGY 




(solubility after swelling, and becoming transpaient m alkalies, 
the same pluenomena witliout subsequent solution in accUc 
acid, and the pioduction of a lemon-yellow colour on being 
heated with nitiic acid) agreed with the musculai elements. 
I shall subsequently stale how elemental y analysis and the esti- 
mation of the nitiogen weie lendeied impracticable. 

At all events, I think I have lendcicd the chemical identity of 
those 01 game elements wdnch effect spontaneous motion, hence 
tlie pniely vital functions of the animal, at least extremely 
bahie^ although, as m eveiy case, many moie examinations aie 
lequisite to Cbiablish it. If with these lesults we compaic the 
composition of fibiine, alhuihen and caserne, as found in the 
numeious expeiuncnts made under the direction of Liebig in 
Giossen*^, and by Mulder |, we find a lemaikablc diffcience. 
All these secondaiy elementary substances of the animal oiganism 
contain 55 pei cent, of caiboii and somenhat more nitrogen 
My own analyses tin oughout have been peifoimcd on such con- 
siderablo quantities of anatomically-puic matciial, and the appli*- 
catioii of the platinum vessel with the cuiient of oxygen ensured 
both an accuiate dctci mmation of the hydiogen, and so sure u 
contiol ovci the peifect combustion of the carbon, and finally 
I have made them with such caic, that I place full confidence in 
them , neveithcless 1 obtained only 52‘2 to 52*5 pei cent, ol cai- 
bon, and 1 5*2 to 15 4 per cent, ol nitiogcn As we know, Scheici ] 
has lendeied it piobable that the chemico-physical diffeicnce in 
the modifications of the fibime m chyle from that m arteiial and 
venous blood depend upon a definite compound of the albumer 
with oxygen in some foim, so that the aiteual fibiinc which i‘ 
lelatively most consolidated yielded the largest amount of oxygoi 
with the same lelative piopoition of the carbon to the nitiogcn 
Play fan and BorkmaniVs§ analyses, the only ones which hav' 
been instituted on musculai fibie, had quite a difleient object ii 
view , in winch histological puiity of the substance was not icq ni 
Rite , their puipose was the conipauson of the entire muscle wit 


* The iiinxlvticftl lesuUs aie ui ^yoillel nncl Liebig’s Jmuthjij vol xl 
iLcommciul Litbig s expuMUtm of these lelations, eipeciolly ol die ///a'linpoit 
ckiiientu\ analysis and tbe inlue ot then expiessions in equivalent foimnl 
\niniwl Chemistry), to the coueuleiation of those calciilatoia of the lUoti 
m tube icle oi the li\ei , hvani, lungs mid abdomen, and othei such absuulitics 
\ Naiinn en ScheiAnudiff jh chief , foi sevcuilycais aitci 1H30 
\ Wohlei and liicbig^s vol xl pmtl, 

§ laebig’s Aiimml Cheniisliv, Vimbtical Ihools 
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tliG miuL blood lhal ficsh fibiine nbsoibs with cxtui 

oulinuy { ise Inia been cxpuiment. illy shown by Scheici the 
HI il}SLb I h ivc adduced lead to the assumption of the occuuence 
of a simil u metamot phosis in the oigmisin, whence the puie 
punntnt inuscuHi fibic Mould ippeai as the medium ot tiana 
iLioii ot dbunien tluoiij^h all the modifications of fibiinc into 
chondiuiL fiorn const int absoiption of oxygen (pci haps paitl} 
with liycho^cn, in the piopoitioii foi foiming watu) Ihus 
Mc have — 



1 lotcin 

M iscul u Able 

Cli lull me 

Cal bon 

55 

52 3 

50 5 

Ilychogen 

7 

71 

68 

Nitio^cn 

16 

15 3 

14 5 


1 sluOl ictmn to this point m tlic subsequent considei ation of 
the cutaneous system 

G Rej)) oducilve Ojgans 

In the ovum m e have diffei entials in magnitude of the futui e oi 
g m sin hence wo ou^^ht ilso to find initthe sum of the fundamc n 
tal con titucnts of the httei and with the exception of pliosph ite 
ot lime these do not picsont any essenii il difiei cnees but e\en 
tlic latlci^ how evei_, is nevci peifcctly ib ent As is known w c aie 
indebted to the investigations of R Waguci t foi the 1 now ledge 
of the uinfoim slinetuH of the pimutive o\ i in the ammal sciics 
an identic il> oi at Icist veiy similn ^^louping of the clicmit il 
elements appeus to coiicspond to this I he occuucnce of tiuc 
ciystals ot stcaiinc^ as obsened by Voj^tl in Ahjtesy appeals to 
stand isoluUd Hit ummpicgnatcd o\a of Aslacus {JlmiaiiliH) 
Milobnfka {vuhians)^ Must a 1 pen a {diadema)^ and 

leyimnut {donustiLa) as icpicscntatives of the Ailiculata Vmo 
[l)i< Lo}um)y Aaodonta {(ijifnia) I/dii {ponialm and iiunoutbs)^ 
J imu% md ? Wirt fiom the senes of Mol 

Iiisci (vliibiUd siimlai leaclions, which wcie as follows — 
Aedie leideiused the ehoiion md the vilclhne inembiane to 
swell without clVceiuif Uk ii ti ue solution potash ictcd m the 
bame maiUKi tin (ontents at the same time swelled to such an 
(\lent us to hiust the soltined membiam % and nurneious (hops 
ot fat ( une mlo vuw the foimu beni^^ disioUed, the diops of 

i i m i f I { ) / t tat }i I Hh 18 n Jicil (f H (jf d i ht d t 

/ uj t^i) IhhanU d > \hi I t I 1 1 tt v 1 ij 1817 

\ J 1ft ! Itti } j s hi ht I t < hut !i (J il ii S lollniui 181 [ 
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011 were icadily taken up by £ethei\ I was fortunate cnougli to 
isolate the germinal vesicle in Amdonta , it completely clisap- 
pcaxecl when tieated wit)i jiotashj excepting some drops of lat 
in the situation of the geimiiidl spot, the contents of the gei- 
nnnal vesicle weie coagulated by alcohol oi nitric acid. ITcnce 
the chonon and vitelline membiane would consist of pioteine 
compounds, the contents of the yolk abounding in fluid fat; tho 
gei muial vesicle, with its iianspaient contents, consists of albu- 
minates , the geiminal spot would consist of one oi more vesicles 
of On incmeiatioii, they all left compaiatively large quan- 
tities of ash, consisting principally of phosphate oi lime. 

If M c add these experiments as a slight contiibution to Asclici- 
son^sf impoitant obscivations on the foimation of membiane 
around globules of fat m albuminous fluids, and above all to 
Wagnei’s piofound researches in this most difficult branch of 
the histoiy of repioduction, the view of the laitci upon the for- 
mation and iinpoit of the individual paits of the ovum becomes 
moie deeply impiessed upon oiu conviction 

Cannot then the earliest formation ol the ovum-cell, in ac- 
coi dance with the observations which have been made, be 
explained by known meclianico-chemical laws ? Wherevci ho- 
tel ogeneous bodies come into contact, condensation occurs at 
the surface of contact; the fact has been pioved in the case of 
coercible gases and fluids. If now a fluid, in consequence of its 
chemical constitution, possesses the piopcity of becoming com- 
paiatively solid even by slight condensation, cveiy drop of a 
heterogeneous fluid which gets into it becomes suiiounded on 
all sides by a condensed mass, c. foims the contents of a cell. 
That the lequned property is probably possessed by a combina- 
tion or mixture of albumen widi phosphate of lime, I hope sub- 
sequently to piovc, but that fat and albumen aio extremely 
heteiogeneoua bodies is evident. In the glaiidulai tubules of 
the ovaiythis fluid (albumen d- phosphate of lime) exists; each 
globule of fat which reaches it condenses a poition to form the 
membiane of a cell By the sepaiation of solid constituents, the 
lemaining albuminous solution must become more dilute, an 
effoit at the lestoration of equihbuum, endosmose, must occui, 
and a poition of fluid must get between the oil-globule and the 

* Most of these leflctiona have alieady been given by Wagnci {Lchh il 
1813, S 40) 

t Mulleins Jic/uVy 1810, S 11 et &eij 
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mcmbi iHL which Ins just betn condensed and ^^lucb clobely 
suiioimds it^ if we doiiomimtc the od globule the f/tnnmal 
spot the vesicle thus foimed eoiiesponds to the f/efmmal vihilU 
It wo phee a solid body m a llmd filled with suspended mole 
euks till lattei aie i ipidly deposited upon it this pluenomc 
non can be i caddy obscivcd in any liquid m which we suspend 
a htilc pow deled eh dl oi wood and immcisc n pu ee of ohall oi 
wood We find snndai luokciiks in the tubules ol the ovaiy^ 
but they aio innumciubk and consist ol oil {^lobules suiiouiuled 
with condensed albuminous coatiuf^s When these aic depo 
sited aiound the newly loimed (iumi)ia1 vtudt^ wc have the 
yoll y wlnclq aftci the deposition ol the fatly molecules picscut, 
IS suiioiindcd by new albuminous laycis tlie vitelline inciubiane 
and clionon, just as a ciystul in a saline solution 

I coiisidci tlial the foimatiou ol the ovum cell as such may be 
niangi d amon^^ known physico ehcmical pioceascs^ Init it does 
not Iheu possess vitality the totality of the moLoi plucnomcmq 
which wc call life^ icaults piimnidy fioin that pecuhai combina 
lion of the above mentioned with new masses and Jou cs wliicli 
an in inolioiij by the addition of a new system ot the same 1 iiid^ 
— the sjieimatu lluid m inqiiCj^nation 

J iisily^ if W( study the yellowish musses on lioth Hides ol tlu 
sduious eaiapaeo m llu gdalitious divelopi ol In usiuha salnut^ 
wliidiweii pointed out by Iduenlxig as ovmus, we find tlu 
miciesting (luumslancc that iltmaUanj auahisn uidH us wlien 
om pi csenl optical usoiueiH (maf^nilymg 1200 dmmeleis^) eauy 
us no iintbei i t that with the assislmui ol the loimei wo cun 
aseeilaiii ilu phj Biological natme ol oiguus^ the molatumand 
(uiUui analomual tuumg ol wludi would I)i nnposNible ovin to 
an 1 Inenluig with his woiuhilul si ill m tlu vivisci turn ot 
muioseopu objects lluis these ydlowisli muHscH aie m iciility 
only fat, they disappcai on iualnuni with vthei, and the 
iutlei eontuiiis ( ouMidi lable umsHisol abiownishlai lu solution 
llu whoh pioiesB of Holution (an lx dueefly tuiced imdci llie 
micioscopi m sudi spcdnuns as have been pieviously placed ui 
alcohol to lemove thewatd II wi obsdvc lu the saine mamui 
tlu actum ol potash, we sic that llu idnanung mass (piotcmo 
suhstaiu c, piohably the lool obsd ved by J hieubeig), which fills 
tlu siliceous lai apace, (IihsoIvoh, wiiilst flic yellow masses con 
tmiu to lun tog(thd a<suminj^ a spluiieal aspcel, and finally 
issuing bom tlu apdtuus ot tlu siliceous euuipucc in tlic hum 
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of laigc oily globules. This fat is flmd^ of the consistence of 
human hit, saponifiable by alkalies^ and ^vhen heated is decom- 
posed, evolving the chaiacteiistic odour of acioleme and a falty 
acid (thus containing oxide oi glyceiyle) The fatty acul^ ^vlien 
scpaiated fiom the potash-soap, foimcd a biownish oil, which 
vben in solution leddencd litmus, and yielded on analysis as 
follows • — 

0*413 of the substance gave 1*150 caibonic acid and 0 4315 
watei i hence,— 

Caibon . . . 7G 03 pci cent* 

Hydrogen ♦ , , 11 61 pci cent, 

i, e, veiy neaily the composition of oleic acid, so that there is no 
iuithor doubt about its natuie. In the simplest animal founa 
m which we aie able to lecognise the ovaiy anatomically with 
ceitamty, it is the only oigan in which such abundance of fat 
occius accumulated in one spot, wc liave thcicfoie cveiy reason 
to icgaid Bhienbcig^s zi/ea as a iveli-founded obsetvaiion Tui- 
thei lemaiks on the quantity of this fat (15 pei cent ) in pio- 
poitioa to the weight of the coals, the musculai substance and 
the siliceous caiapace, uhich is detciminable wiih accuiacy, also 
on the mannei of ascci taming it, will be found in connexion 
with the cutaneous system. 

D Vascula) System, 

The avails of the tubular conductois, as also tlic pulsalnig 
cential organ, appear, as legaids chemical and in many leapccts 
histological identity (layeis of longitudinal andannulai filnes), to 
belong to the muscular system, and tlie lormei systems gene- 
lally The hcait and its auiicles, with the laigcst vasculai ti links 
of Umo^ Anodonia, the Ciaw-fish, as also the doisal vessel of 
Sqmlla {manhs) and of Scolojyend) a {mozsitans)^ icacted in the 
same mamiei as legaids solubility m alkalies, mcic expansion 
and acquning tiunspaiency m acetic acid, burning with the dis- 
agiceable odour of the albuminates, and becoming yellow by 
nitnc acid, howevci, I could not make any elementary analysis 
fot want of sufficient substance. 

E. Respiiatozy System 

In the animal senes, as is known, to allow the exchange of the 
gaseous pioducts of the altciution of mattei with the oxygen of 
the atmospheic, we have external oi nilernal sacs, m wduch, on 
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the piinciple of Ihc st iio^sihlt c\tcnL oi siii i k ( miincum^ 
an istomosing canals containing tin ioimiti\< iluid inn i lu 
liitu beloii^ to Ulc^asculal system aaIuIsI tlu loniui Ik long to 
the cutaneous system^ of the chcinic il coniposiiioii ol wliu li liny 
paital c This iclatioii is iiutui ill> most stul nig ^^htn tlu con 
Inst of the cutaneous sjsiun in genii il is ino it distini tly pci 
ccpiible, as in the Aiticulaia I lu tiaclu al } sti in oi him ( is, m 
also that of the tiachcal spitlcis, the icspiiutoiy sacs of tlu pul 
mon iiy spidcis and the gills of ihe Cuislacea, consisl ol ( /itiau 
accoiduit^ to investigations made on the cod eliaici llu tonunoii 
housefly and Aiouchuf> m(n nnon{ ipse (is (lu < um iisli and 
eiabs among Cl list u ea, and Phn/afujinm (/fon(/t/ftmi) niu\ / p(na 
{(ha(h7na) as tiaeheal and pulmonai) spidtis I In i (htftn< is 
apeculiu subsianee lesenibliiif uood} iibie imt (onlanuii^-, in 
tio^cn and foimin^ the culanctms sldiLoii ol llu a aiunmls 
fmtiici details of ^^hleh uill be (ncnulieu tuatingui tlu latld 
Its insolubility in potash even aiUi ((mtiiuud boiling, is higlil) 
chaiacteiistic of tins substance the oi^ ans utulei consuh lalion 
may thus be easily isohttd and pupaud ioi initiouopu aiuilj 
SIS ihcclntmoii tissiu does no( e\lubii tlu U isl dian^c ami 
the elegant lainifications of tlu tiudiiu tsjKdiill^ may thus be 
o\qiusite]y &ep iiated and ( xaiiinu d 

1 ()/ })}(!( slum 

I he substance oi the alnmntaiy e anal ilu eiilui tnlu windi 
IS in diieet coinnunneation uith tlu external uoild appeals lo 
bdon^^ to tlu culanoona system 1 Iim e ondusum is baud U[ion 
the examination ol the stomaelioi (he ( law (iili II eoinisls ol 
an external thin iuinspaienl, dillu ulfly hc paiale el nimouHimin 
biaue and an iniciiml iiaiisjauenl iminbuuu \diieh imiicH (lu 
sepaiute pnUoi [he eennpluatc d lianituoil oi tlu Htomadg and 
IS coveud ^Mth luuis oi \nnouH lonns llu ludci nuinbiaiu in 
cast annually, the foinui jnodiucs the new Htonuuh, oi lailui 
the new cpithdmm 

Yem ]hii uilh Ins usual aeuUiuss o( obseivnlmn ami deai 
ness oi cksciipf 1011, fust exannmd it, and at llu aaine linu i< 
futecl nuincious iubles le^aiehng tlu diange oi the stoiiiadi ol 
the C Hu\ fish wliuh hael licen euiunl ainee (he pe nodal ulmh 
Van Ildmant I and Ceoilioy [ (the youngei of the two ddei) 

MIiHli s ISil |) aiO// ( / tl/tUiHit (oa mI 

} jV mi h (f 1 liud mt d Scj i v 1 /O ) | Jeia 
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lived Oestcilen ^ subsequently gave a full desciiptioii and tei- 
minology . The lasi'-mcntioned ti anapai ent^ and in othci i cspect s 
stiucturelesa membrane^ with its manifold appendages (tcetli, 
scales, bans, &c ), foims the innermost layci of tlic intestnitd 
tube; upon this lies the icpioducing mucous memliranc vvlueli 
VC have mentioned, and lastly upon the lattei, fioni the pyloius 
to the anus, layeis of transveise and longitudinal smooth mus- 
cular fibies Glands, cylindrical epithelium and such like, can- 
not be detected upon it; with difficulty we lecognisc slight in- 
dications of hevagonal cells, which enable us to dctciminc its 
mode of development. The uliolc of this internal appaiulus 
consists of cliitme, that peculiar substance which foims thee - 
taneous system of the same animal, and consequently, of nhuh 
aie composed all those paits which aie annually cast oft and 
must be leprod need Probably the same holds good with all 
CiListacea and peihaps with all the Aiticiilala, I made tlic ob- 
servation too late 111 the yeai to be able to test its applicabdity 
to other families and geneia 

The intestinal canal of the Mollusca, as also their cutaneous 
system, lescmbles muscle Theie is nothing icmaikable m UniOi, 
Ileh'Cy Ltmnmus or Limaw^ the smooth elemenis of the layci s oi 
longitudmal and transveise fibies aie nairower than those of the 
aclductoi muscle The intestine of mammillata exhibited 
the same relations 

G. Cutaneous System 

The external coveiings of the inveitebiate animals exhibit 
exfciaoidinaiy vancty m then minute structuic, as also in their 
chemical composition. Wc heie meet with phaenomena whicli 
no one would & piion expect, and winch, wdien combined with 
others, oveithiow any icmaining chemico-physiological distinc- 
tion between animals and plants We shall consider the che- 
mical lelations accoiding to the gicat natuial oiders, which, on 
the othei hand, aie chaiacteiized by those i elation s, 

1 . A)ttciilaia, 

We cannot make any use of the older obseivations in this de- 
partment; they weie adapted to the existing state of knowledge 
at that time, but are now' merely of historical interest. Odiei^s | 

* Mulleds 1840, p 387 et seq 

t MCinoue dt la SociCl^ a'lltsfoire Natiaelle, tom i p 20 ci seq. 
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investigation upon the cl) tiiim antlhoin) tegument of the Coclc 
chafoi uliich m (oiiutness of obsci\ation and modesty of stjle 
excels nnny of tliose oi Ins follouus (oiins an exception lie 
fust found tint the psits we have nientioind^ uftu tiaitnicnt 
witlnvatci, ilcohol and potaslg Ic It a colomlcss tiaiispucnt sub 
stance ictaimnglhe oiiginal loim \\1 hc1i bung cliauictcii/ed by 
the essential icactioiu of uoodyfibie i\as considcud b) lung 
in consequence of a leadily explicable mistd e, as fne bom m 
ii ogcig and m bicb as a peculiai modifu ation of it^ he dcsig 
natod by the name of Clutme 

In 18 J 3 I assaigne-t icncwcd the mvcstii^ation he asset ted 
iliat ho had detected this substance in the si in of the Rill oi m 
and spulei^ and having lopcatcd muely the same leaotions he 
dic^t up such \ iTuii^niloqucnt account is to xeiulei it almost 
doiditiul u bethel he oi Odici wm the chbcoveiei , and called it 
1 niomode)m as the loimci mime did not appeal to him sufli 
ciently suitable IIo houevei found mtiogcn in it 
It IS deal that so long as wo aie unacquainted uith the ole 
mental y composition and the ti no chemical lelations of this sub 
stance wo 1 now mlliiny about it and ulbo that we c mnoi hiue 
llio slightest idea of its physiological impoil, noi of Iht inclhod 
of its foimution fiom those animal and vegefabU substances Vc 
with which we aic acquamlcd much less ought wi to (mat 
anything of the 1 ind Him dcheg which we could not atlii 
butc to Ochci in IHJl^ lendeis T assaignea stateiueiits at pii 
sent ubch ss 

Not long since Puyen 1 icsuincd tins subject lu a notice, lie 
estimate (I the amount of nitiogeu in thm suhstauce ui compa 
iison with tlic cellulai numlnam ol plants, il was 8 0 35 pci cent 
in the shell of the ciaw fish and 0 05 m tlu sill woun 

T nstly, thcie is an analysis by { hihhcn and Dame II [, winch 
hi c PayeiiN is also meoiiect , lluy olit mud,— 

Cm bon 16 08 

IIyclie)g( n 5 06 

NiUOj^eu 10 i9 

I found OdiepH Hiate me nis almost ciitnely < oijccL the clytin 
consist of the tiiu wing jilates ami tlu musolcH by which tlicy 
me moved, tlu vessels ot the lattei of coiiise contain bloody 

( mii tom \vi p 1087 

[ e 0 ipl ? /i ml iH tf m \\ a ]> 7 

j. ln(Ul ( ydojm dm of Aiiutrmq aiul 1 li)aioUf,j vd n p 88 
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which held the substdiiccs soluble m \^atci The icceully pic- 
paicd ash does not ho^^evei efFeivcsce with acids, it contains 
soda and phoaphoiic acid, as pio\cd by the yellow piccipitiitc 
Mith salts of silver* The alkaline leaction is thus understood, 
and the cffcivcscence obseivcd by Odier is explained by the 
easy decomposition of the tabasic phosphates Tlic substances 
soluble in potash consist of the pioteine of the above-men- 
tioned muscles and a blown lesinoiis inattoi winch unites the 
fibious tissue 

So much for the illustiation of the histoncal points I shall 
now pioceed to my own gbseivations 

At flist I made use of the’ Cockchafei ; the histological ele- 
ments of the tegument and elytia aie the same, it is howcvci 
difficult to decide positively as to this point bcfoic having le- 
couise to the potash, wc find sevcial supci imposed fibious mcm- 
bianes, which become distinct on disintcgiation , then iippci 
suifuce, nhich is especially impicgnated vuth Che lesmous blown 
colouiing maltei, and coveiecl with a thin epithelium consisting 
of six-sided cells, exhibits cylmdiical depiessions placed at legu- 
lar distances, fiom which simple elonga'-cd cells, ^Miaiis/^ anse. 

A poition of the clytium was exhausted auccessivcly with 
water, alcohol and aether, and lastly with a tolerably eonccntialcd 
solution of potash with heat, until it appealed colomless and 
iianspaient, during the last opeiation a little ammonia was 
evolved, evidently fiom a small poition of the muscles of tlic 
W’lngs lemaining I examined it micioscopicnlly , the cpitlie- 
hum, bans and their cylmdiical depiessions w'cie uualleiod, the 
blown resinous substance had disappcaied, seveial layeis of 
sliaiply defined musculai fibies weic peiccivcd supeuinposed in 
such a mannei, that a layei of tianaverse fibies was placed over 
each layci of longitudinal ones, and so on, so that the whole, 
with the haii-cells which remanicd nnaltcicd m the uppermost 
layeis, picsented the appearance of aiegulur and elegant trcllis- 
woik II. Meyer ^ has fully desciibed this stvuctuic m Lucanus 
ce^ivus^ Ins illustiation applies to Meloloniha and the clytia of 
most of the beetles, so that I consider fiiithcr description of Iheii 
foirn (which is veiy uninteiestmg without the histoiy of develop- 
ment) ns supeifluous. 

The blown colounng matter wuth w^hich the fibious layers aie 
impiegnatcd and by which they aie united, is prccipitable from 
^ ullers //h Ai u, 1 8^1 2 , p 12-16 
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its alkalmc solution b} luids is insoluble m \miU 1 j ilcohul iiul 
otlm amoiphoiis nncl of a icsinous nspoct it lecpiiies sepal ite 
cxamin ition winch would be especially iiiteieslin^ in ic^iid to 
the possibility ol its inetamoiphosis into the othei coloiiiin^ 
niatteia of beetles As u^aids the tiiii thiliiie i i the eoloiu 
less tmispaient ii sidue of the clytia which is msolubli in wutei 
alcohol^ sethei and potash the shaip outline of its histolof^u al 
elements and espccnlly the peifcet picseivstum of the haii cells 
which can easily be confiinicd by adineasuieincnt aic in favoiu 
of this substance beiii^ a compoiiiicl of eaiboii hyclio{^en in 
tio^cn and oxygen Ibis ebilme is soluble without change of 
coloiu lu coiueniiated imiiiatic oi mine acid and may b( 1 tpfc 
boiling foi some dnjs in the btioiigcst solniion of polish without 
imdeigom^ any change When heated with waUi to 5 3(5 1 in 
hcimetically scaled metallic tubes^ it becomes biown andbntlle 
the watei, howcveij does not conlmn a tiacc in solution and 
the minute stiuctmc when magnihed u])pcuis unchanged Stiong 
solution of polash with inciease of the heat to llO^l m stiong 
glass tubes yields the same icsult watci atlowei tenipeinluicsol 
couise cxeits as little action When nnmciscd in eoucenliatcd 
snlphuiie acid it swells and dissolves williout any cliangc ol eo 
loiu tlie solution gi aduallj become s c oloui cd^ and in tw ciUj foui 
hoius we obtain a fluid winch is colonud black by a slight bul 
c\ti Cindy fuu jiowdei in a state ol suspinsioig is ol a [mugeul 
ocloui, ind ammonia can be detected in it bj cxi ess of potiish oi 
chloiuh ot platinung whilst the lluicl obtained on distdlation, 
when tioatcd with fliilphimc acid and ahohol c\ol\es acetic 
atlui pci oxide of incieiny is dissohid in il without i eduction 

foumng a peisalt o( moicuiy, and it has the odom ol acetic 
add, m lacij it contains a eonsidciablc {piaiilily ol this acid It 
docs iiotj howevei, e\olv{ any sulplmious acid neilhei docs it 
contain any foimie ac id, ns is evident fiom its ac turn ujioii pii oxide 
of nuieuiy, noi could the foimaiion ol tin lutlci lie deteeUd 
even aftei exposmeiothe m foi fouiben dajs Submitted to 
desliucUvc distillation, watei ucctu acid and acetate ol aimnonin 
pass ovci and lastly an einpyii uinatic oil, but in compauitively 
small quantity the icmainiiif^ cmdci so acciuutely pi (selves the 
foim of the (lyiia, that wi can obi am the entne bectlea i educed 
to icindei ciilui m the wall mg, uinning oi Hying attitude, and 
without tlic leasi: stiuctui il altei ition, b} (b>m and piopcilj 
layin^ out tlu colouiless and tuinspaicnt diitmc sldctons ob 
vor V 1 Aiu \x IT a 
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tamed by means of potash. The peculianty of the pioducts of 
chstillation caused Odici to oveilook the nitrogen present, as 
tins was evolved as acetate of ammonia mixed with fice acetic 
acid, no altciation m the coloui of the led litmus piapcr could 
occur. 

However^ it is easily scon (hat this substance is puncipally 
shown to be pecubai by negative cbaiactcis ; the cortical sub- 
stance of the lian, skin, nails and cpidcimic scales of tbc Vertc- 
brala aic soluble with cbnicnlty m potash, and its peculianty 
could only be considcicd as proved when all the analyses of the 
substance obtained from diffeient organs and animals agreed. 
I theiefoic subjected the entire tegument of the Cockchafei, 
after lemoving the intestinal tract, as also the tegument and 
elytra of AleucMs sacei^ to the same tieaimcnt; by this means 
we should moieovei ascertain whether the winged inhabitants of 
Algid s produce the same chemical substance, notwithstanding 
the cliffeieiice in food and climate, Tlic following aic the ana- 
lytical lesults: — 

Meloloniha. Elytra alone. 

Determination of the Ash. 

0^206 of the substance gave 0*001 nsli = 0*0 per cent. 


Nitrogen. 

I. 0 317 substance gave 0*318 ammonio-cliloride of platinum 
= 6*33 per cent, mtiogen. 

II. 0*403 substance gave 0*429 ammonio-chloiidc of platinum 
6'72 per cent, nitrogen. 

Combustion. 


0*292 substance gave 0*4975 caiboiiic acid and 0*175 water, 

^ r Carbon . . 46 69. 
hence per 6 69. 


J. Melolontha Elytia, wings and cutaneous tegument. 
Determination of the Ash, 

0*271 substance gave 0*0018 ash 0*664 per cent, 

Nitiogen, 

I 0*366 substance gave 0*3686 ammonio-chloucle of platinum 
s=: 6 36 per cent, nitiogen, 

II 0*418 substance gave 0*4285 ainmonio-chloride of plati- 
num, =: 6 48 pci cent, nitrogen. 


oi nil iNMiiiiinivn vntm vj s 
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Combustion 

a 0 7 IG i subsLnncc gave I 220 c 11 honu icid and 0 125 \\ atei , 

1 , rC uburi 16 70 

hence nei cent s n 1 r 1 

^ LiJyclio^cn C51 

h 0 i^83 substance gave 0 9905 cai borne acid and 0 311 at( 1 j 

1 ^ w r Caibon 46 80 

hence pei cent i tt 1 

^ Llljdiogcn 6 63 

t Aleuchm m6? Icgumcni and wings 
Detumination of the Ash 
0 068 substance gave 0 000 ash 

Niti ogen 

0237 subatanee gave 0 218 ammonio ehloiidc of platinum 
= 6 57 cent nitiogcn, 01 at one vic\^ — 

Mdolonilta vuljajts AUtichm m a 

Wjiiga iilono 1 iitiiu toguinent 1 ntiio tcguiaonl 



1 a 

2 

i a 

2 6 

Caibon 

4G G9 


16 70 

16 80 

IlydiOt^en 

G GO 

672 

( 51 

( 63 

Nitiogen 

G31 


6 36 

6 J8 


T sslly, the absence ot snlphin and pliosphouis v as pioNed by 
heating it to lodness Mith a nnxime of burnt maiblc and mtie 
in the niannei pioposed by Wohlci * 

Ihc agicoiiHui IS ptifeiband ne lnu( cvcij loason to legsid 
this substance as diatinci As confumaloiy expeumeats in the 
examination of othci membeis of tins lamitj, the most sinking 
leaetionsj vu the insolubility in potaali ibo aelion of lioat and 
concentiated aeula may non snflicc In tins inannci I examined 
the follo^\lng — 

Oidei Sproios 

liiuiinnviA imahm {JiQtUnw^ amaius^ § 0 ) 

( Sycoidimtii) CicindoJa {camiiest) i ^) , il kloe 
{pi osiautbmts) 

Ulonaiv ]qi J unta {aniicidana)^ ( lylluH {cam2)('ii)t^)i 

T oeusta {vii idianma)^ Gi ylloialjia {fmhjaix^ 
Synisi via T p/iunua {vulyata)^ J ihcltula {depiemi)^ and 
many species of Piny gam a 

Pii 7Aa V Vtspa{( } abi 0 ) A}ns{mtltifica)^l qi mua{i iifa) 

J nl)ig s //«««/ V (1 II [ 17 m lus iiivosUgnlioii of tlio Qinnnnc 81 HC 8 

c i 
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Riiynchota Aplm Nej^a {cmeved)^ Ilychomeira 

{paludum) 

Antx^iata . • , Simulia {ie 2 }tans)y Musca [domestica and vo- 
mito'iia)y Baigus [citpi arms). 

Gloss ATA • , Tinea {jmllionella)^ Ilybei nia [h umakC)^ Bom^- 
hyx (2n7n)y Cossks {lignipo da)y Sp/nnw {h^ 
gusii i)y and some otlici 

In addition to these, many laiva3 and pupm^ pailly fiom those 
genera and species enumerated above, paitly fiom others, the 
systematic names of which I did not note at the time and have 
noM foigotten* In all, the minute stuictiu c piescnts gieat ana- 
logy in the elegant grouping of the layeis of longitudinal and 
tiansvcise fibios which has been mentioned. On treating them 
'witli potash, wc find the most amusing metnmoiphoscs , the most 
Rplenthd Vanessa AnkopUy Sphinx oi Papilio becomes as colour- 
less and tianspuicnt as the commonest bce^ the Swallow4adcd 
butterfly (P, Macltaon) u ith its most elegant play of coloiu s cannot 
be distinguished from the common moth On dncoting oui at- 
tention to the Ciiistacea we obtain the same icrnarkable icsult. 
If ^ve extract the lime-salts fiom the thoracic shield of the Cinw- 
Hsh with dilute acid and maceiate it for a couple of days m hot 
solution of potash, wc obtain a colouiless skeleton of chitmc, lu 
which, with the aid of the microscope, numerous lutcrwovcu 
layers of longitudinal and tiansverse fibics may be distinguished. 
In tins case, the lime-salts appear to occupy the place of the 
resinous coloiiiing matter of the beetles, as a uniting medium. 
The number of these fibrous layers increases with the age and 
thichncBS of the shield, and hence is very consideiablc in the 
Lobster, The shield of the ciaw-fish, lobster and a ScpitUa 
ipianits) was prepaied m consideiablc quantity m the various 
ways above mentioned, the biisic substance m nil, as the follow- 
ing data will jshow, is perfectly identical » — 

a* Asiacits fiuviahhs. Tegument, 

Determination of the Ash. 

0*f247 substance gave 0*005 ash 2*0 per cent. 

Nitiogen. 

I. 0 412 substance gave 0 424 ammonio-chloride of platinum 
= G*59 per cent nitrogen. 

II. 0 300 substance gave 0 357 ammouiO'Chloride of platinum 
:=s 6*^35 per cent, nitiogen. 
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C ombustioii 

a 0 591 siibslaiicc gave 0 C56 caibonic acid and 0 229 walci^ 

1 , / Caibon 4G 7i 

licnco pci cult (,64 

b A widens 7na) imis Cla^ s 
Dctcunination of the Ash 
0 170 '> substance gave 0 008 ash = 1 7 pei cent 
Nitiogon 

0 IGS substance gave 0 17^ aminonio cliloiuk of platinum 
sr 0 51 pci cent iiitiogcu 

Combustion 

a 0 8 12 substance gave 1 109 caiboiuc acid and 0 479 watei, 

1 . r Caibon 1C 18 

hence pei cent j^ixydioj^cn 6 n 

b 0 592 substance gave 0 991 caibonic acid and 0 312 Matei, 

Ur... ^ ..r. L f Caibon 16 Cl 
hence pci cent 6 53 

c SqiilUa maniis fcgunficnb claws and pans of feti 
Dctci niinution ol the Ash 
0 2007 substance 0 0012 ash = 06 jiei cent 

NiUo^cn 

0 320 sulistancc ga\c 0 31t uimnomo chlondc of plalmuni 
== C 79 pci cent nitiogcn 

Combustion 


0 3795 substance gave OC 13 cai borne acid and 0 230uatei, 


, . r Caibon 16 

hence, pel cent 6 

51 

77 



Ol ~ 

istacm JluvialiUs 

Asiacit^ mmmu^ 

Squill 1 vianiis 


1 a ^ 

1 a 

b 

1 a 

Caibon 

iC7f 

IG 18 

IG 61 

1G51 

Ilydiogcu 

C61 

G 11 

0 55 

6 77 

Nitiogen 

G59 6 15 

0 51 


6 70 

ilie shield of these animals 

hoM evci 

still contains a ccitam 


quintity of lime salts, m/ caibouatc and phosphate of lime witli 
a little phosphate of magnesia llie piopoitions by u eight of 
thelittci to one nuo bci, is ilso to the suuounding clutnic 
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tissup, aie of physiological impoitance, it will not thcicfoio be 
siipetfluous to state them 

1»710 of the thoiacic shield of tlie Ciaw-fish {tliietl at 248^^ F ), 
when heated to redness^ yielded^ after the deduction of the 
carbon left iindissolved on exhaustion with ddutc acid, 0 911 
fixed substances^ 0 120 of which consisted of jihospliato of lime 
with a little magnesia (piecipitated by ammonia); 0 4615 of 
Squilla mantis gave 0»l7l5 fixed icsidue, containing 0*090 phos- 
pliale of Imic. 

3*023 of the claws of the Lobster gave 2*3295 fixed residue, 
containing 0*281 phosphate of lime, thus we have — 


Ciaw-liuli 

b([uilla 

I.obstoi 

Chitme 0 , . 4(3 73 

02*84 

22*94 

Lime salts , . 53*27 

37*17 

77'OC, 

100 paits of ash consisted of — 

Cl a « -fish 

S(iiulln 

Loljitoi , 

Phosphate of lime . 13*17 

47’52 

12-0& 

Carbonate of lime 8(3*83 

52*48 

87*94 


Wc find heie the interesting icsult, that the amount of caithy 
phosphates inci eases in proportion to the quantity of organized 
chitme-tissue ; this is confiimed by foimci analyses of the sliell 
ot the lobstei, ciaw-fish and Cancer made by Meiai- 

Guillot*, Chevieull' and Qobelt* 

This fibrous chitinc-tissue is honevei the icsuU of an active 
process of cell-formation duiing the change of the shell , the 
quantity of phosphate of lime also increases with the intensity of 
this process, for which the lelativc amounts of tissue foimed 
yield the standaid. Hence the phosphate of lime must be in 
intimate lelation with the piocess of ccll-fonnatiom 

It 18 evident from the following observations, tlidi the chitinc- 
tissue really owes its oiigin to such a piocess. 

By caiefully icmoviiig a poitioii of the thoiacic oi mandibular 
shell m layeia down to the uppeimosi pigment layer of the mem- 
brane lying beneath it, I induced a new piocess of cell-formation. 
This soon took place; in eight houis, a thick, tenacious, trails- 
paieiit mass {cytoblastema) Imd already exuded; in it I found 

* /Jnnnles de CkitntVf wxiv 

I /Jmt Geti des 6cieucei P/fi/s iv p 121, also ScIiwei|»g0i*B Jomnal, x\xii 
p ^195 

t Schwciggci's Joiun x\\i\ p 411 Thoy aic all collcolcd in llcuiiiiigoi’s 
Jhsiotoffie^ u p 25S, 
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numeious j^lobules (vesicles of fat) which \\g\l iiisoliibiL m pot 
ash aucl acetic acid us ilso otliei molecules (albuminates) so 
luble 111 these media but no olhci solid pii tides , when incine 
latcd it left a consideiable quantity of phosphate of lime (by 
appioKimatnc dcteiminatiou 8 pci cent) with a little alkalmc 
phospliate and caibonate of lime, uhieh did not pic exist na such 
I Ins phosphate of Iimc existed in it in a stale of solution, foi 
immoma lendeied the mass, placed und(i the micioseope, vciy 
tuibid In foul Icon to sixteen houis the soluble molceulcs 
(albuminate peihaps also phosphate of lime) had acciiruuhtcd 
aiound the fatty vesicles foimin^ globulav masses, some of these 
globiilai masses wcie ahead) suuomuled by a mcmbiane, othcis 
not, at the same time it contained mimcioua ihombohcdiic 
ciystals (of caibonate of lime) which effeivesced with acids 
When tieated vith potash, the piimaiy cells, as also then gia 
nuhu contents (albuminates?), sv\elled considciably, became 
tianspaicnt and dissolved in each tlie fat t,lobulc appealed as a 
nucleus hence they wei e not yet composed of cluf mo, unless pci 
haps this, m its eaily and peifccted condition, plesGl^cs iclations 
simdu to those of gum to ccllulai membianc, ^ c la soluble 
I astly, in fiom tweni) foui to thiity six houis, sevcial of tlicsc 
piiinaiy cells wcie found lying bcucaih the same elements they 
weie spindle shaped and elongated still swelled m potash, but 
did not now dissolve they appealed thei efoie to consist of clutine 
I was not able to tiace the pioco s any fmthoi, as the animals 
died fiom want of attention, and it was too lafe in the ycai to 
piocuie otheis 

We thus found a consideiable quantity of phoaphate of hmc 
in a state of solution in the cytoblustema, also somi lime in oi 
game combination (piobibly with albumen ns nlbuminato of 
lunc) I shall letuin to the irapoit of ihe&e facts m the coiiai 
delation of the Mollusca 

linally, two othci mcmbinucs, which uni beneath the tegu 
ment, belong to the cutaneous system of Ihc Ciaw fish, then 
basis consists of the same substance, vi/ chilmc Ihe txteiiial 
one covcis the whole tegument iiitcinally of winch it foims the 
matiix ns ihc duia malei does the uamal bones It is coveicd 
on both sides with a lajei of dm I loundisli epithelial cells, eon 
taming a shaiply defined, diuk giainilatcd nucleus these con 
Slat of a piotcmc compound (aio dissolved by potash) Its lev 
luie IS made up of numeious intimate!) intuwovcn longitiulin \l 
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and tuiiisveise fibics, of about the thidcncss of the ccilulai tkiMie 
of tlie conjunctiva, these aie composed ot chitine. In the u])pei 
epithelial layoi, which is towaids the tegument, we find the blue 
and led pigment in the foim of small angular giamiles (ciystah?) 
T\VT) "1 yuo diamctei , the foirnci in the cell-nuclei 

(KolliKei^s piimaiy cells), the lattei in pceuliai blanched cells, 
lescnibhng those of the lamina ftma ot the scleiotica. This 
uppcimost epitliehal layei appeals to have the function of sepa- 
latirig the phosphate of lime and the lime-salts (albuminate of 
lime) gcncially horn the blood ; foi 0 214 of the mucous mem- 
brane, aflei having been (laiefully scpaiated and diied at 248^ F., 
left 0'02o ash, in which theu^ was 0*019 phosphate of hmc, e 
m 100 parts, — 

Oigamc mattei . , ♦ . • . 88 32 

Phosphate of lime , - . * ... 8 89 

Caibonato of hmc with a little phosphate of 

soda . 2*79 

This separation evidently occuiied m consequence of thcpiocess 
of celi-foimation which was going on dining the regcnciation of 
the shells (it was the midclie of Septembci). 

I was unable to ascertain anything fiuther regardingtlicpliy- 
siological import of the inneimost tianspaicnt membrane, which 
IS coveicd with pcculiai hniis, and much leacmbling the in- 
neimo&t intestinal wall wdiich we have mentioned above (IIcu- 
bingcHs lespiratoiy membrane 'H), the bans and the membrane 
consist of chitine The former, as on the inner lining of tlie 
intestine, appear to be meiely simple seconclaiy cells which have 
giowm pel pendicularly between the othois, wdiich have extended 
themselves and chsappeaied in theduectionof the surface. The 
daih basis is peifectly homogeneous, shaiply defined compared 
wuth the colourless contents of the hair- (cells?), and it appeals 
to me that it ought to be consideied as a piimary cell (nuclcius); 
the cylmchical maiks on the meinbiane, fiom which the linir- 
cells aiise, aie depressions, into which the foimer arc inserted 
like the haiis of plants in then epidermis. The same applies to 
the so-callccl bans of insects and also of 

Sfpzf/e? 5,— These, foiming the last family of the Aiticulata,ic- 
maiucd yet to be examined I could not obtain sufficient sub- 
stance for elementaiy analysis, our native repiesentatives are 
too small and too difficult to lender anatomically piuc in suffi- 
System (lu Histologic ^ u p. 2)1 
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cient quantity llio cutintous system howevei^ ot all those 
species which Mcie exiramcd [1 halangmm pai iciinum Atiiis 
sceniciis^ Lpaia diadema and 'Itgtnaua domtstica) give the ic 
actions of chitiiic In 7 2)eiia the tibious laycis nc vciy clibUnctly 
seen even bcfoie they have been heated \uth potisli tlie sepa 
latc fibiea heic foim elegmt undulating lines^ which aic coiled 
aioiind c}hndiical dcpicssions m the uppci hiyei (these aio foi 
the icccption of the lon^ Inns) Ihe entiic aspect, as also the 
luus icmam uniltcicd aftci tieatmcnt with potash, the pigment 
disseminated between them bcin^ dissohed 

We have, then in the lemaiUable {igi cement of foim and 
composition, anothei common link in the chaiacteiistics of the 
Aiticiilata A compaiative histo genesis would also be of gicat 
inteiest but with lefeicnce to this vciy little has been done 
oldei woil s, which me still classical lu aiiotliei point of view 
give us no assistance hue't 

Now in wlnt i elation does this clntine, a substance winch, aa 
we have seen, is widely diffused thiough the animal 1 mgclorn, 
stsnd to the othei impoitsnt constituents of the animal oi vege 
t ible oiganism, to albuminates, the so called hydiates of caiboii 
&c ? The solution of this question la of gicat inteiest We 
find it as we have seen only in the Aiticulata those tin ec families 
of the animal kingdom which, being inclosed m a moic oi less 
solid tegument ue compelled to oveicome this obstiiiction to 
then mtcuial giowth by pcuodically casting oft then aimoui 
In many, and these aic the laigest (Ciustacca), the annual foi 
mation of the tegument is well known an enoxmous quantity of 
foimativc rn liciiil must bo genei itcd m a shoil time foi Uu ic 
pioductioii of these cast oft envi lopes 1 lus mnlen il, na we have 
seen, is chitmc, a substance which cannot be gcneiaUy pioved to 
exist undei a similm axi ingcment ol its clcmeivts m the miimul 
01 vegetable cell, and yet these chitinophoics foim then mantle 
fiom both animal and vegetable food 

If foi compai 18011 we admit man to foim ^Hhc standaid 
and meaauiG of ci cation ^ we hcic appaicntly hud foi a shoifc 
jiciiod an cnoimons distinct pioduction of mattci — I allude to 
that of the mill duimg tlu (ailioi penods aftci child bath But, 
as I have stated this is only appaieut , it is m lenlity a moie 
alteiation in pouiton and/o? m which still es us, which the foimei 

^ \s Raihke Ilistoi) f the Devclopnioiil )f the Cun\ Jfish lioviLanu>B 8 
tienti G on Spi Icn ’tc 
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distiubance of equihbimm in the female oiganism pioduces, and 
the 1 esult of ndiicli we designate "‘^milk-fevci ” Tlie sugai is taken 
up in a similar auangcment of its elements, the fat and albu- 
minates of the bloody winch a shoit tunc befoic flowed to the 
utcime vessels^ now pass to the mammaiy glands, thus no com- 
paiison can be admitted 

But clutiuo contains e\actly the elements of caibon, water and 
ammonia, oi, what is the same, .icctic acid, sugax, gum, staieh 
01 woody fibie, and ammonia, — m our cxpciimcnls with the 
test-tubes of the chemist it is icsolvcd into these elements; we 
might in fact be induced to attiibute to the simple oiganism of 
an aiticulate animal the capability of forming its tegument fiom 
woody-fibre and ammonia, did not the above-mentioned obser- 
vations on the new foimativc process oppose sujjh a view. We 
may regaid the foimula Ciy IIji N Oji as the most simple c\pics- 
sion of the analysis, which coiicsponds with sufficient acciiiacy 
to the lesults obtained. 


Calculation 

Exptiiinont. 


Niiiiiboi of 

AaCVIhiNOn 

Mu'iinuim Minimum 

l^loaii 

o\ponmcnts< 

Caibon • 46*8d 

'IG 80 4G'48 

46*Gfi' 


Hydiogcn 6*42 

6*77 <3’43 

GMO, 

; ^ 

Nitrogen . G ’12 

6'79 G'33 

G*53 

S) 

foimula conlama the elements ol — 



Caibon . 

. C,, 



Water. , 

IIii 0„ 



Ammonia. 

II 3 N 




C,7 IIuNOh 




fiom which the equations representing the clccomiiosition by a 
high temperatuie and conceutiatcd acids arc self-evident. If n\c 
compaic the empiiical foimula, e. the simplest cxpiession of 
the former analyses of muscle in equivalents Gq II^, N 0<j j 


Carbon ♦ 
Ilydiogen 
Nitrogen , 


Calculatioit 

AsCs HfiNOa 
. 62’22 
. 6 52 

15*21 


Moan of cxpoiiinciitB 

52*24 
7-15 
15 30 


with tlic value of clutine as found in the same manner, wc have 


Cr.iw-fisli 


{ 


Clutine CiyllijN O,, 
Muscle Cj II„ N O3 


c, n« 0 « 
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and we thus aiuve at the mtuestiu^ icsult^thatMe mbslance of Ike 
tujimeat of an m iicitlalL animal contains the elements q/ 
hve musculai bundle y plus one of the 90 called liyd'i dies of cai hon 
i e sug^i gum^ woody fibie^ &c and thus that wc can vuy well 
e\plain tlie foi nntiou of this aiib&taiicc m such eiioiinous quantity 
and so compaiati\tly shoita time by the coalition of muscle ^ e 
blood 01 pioteine and woody fibie^ into this peculiai comlima 
tion Would not the Ciaw fish if its tegument weie icpioduced 
meiely fiom the albuminates of its oiganism, peiish fiom loss of 
substance on changing its shelP Do we not see heic a wise 
(economy of natuie in causing a laige p'\i t of the cytoblastema to 
be foimod of calcaieous salts^ two thuds of the lemamdei by 
hydiatcs of caibon (Algee, Confeivne &c ) which aie at hand and 
the littei thud only by the fluid mass of the animal? We do 
not find the stomach and intestinal canal of these animals^ at 01 
soon after the peiiod of the casting of tlie tegument^ filled with 
stems of Chaise, pieces of Confei vae &c w ithout a 1 eason • 1 hose 
which consume vegetable substances (as the Cockchafeis, so many 
thousands of which we fiequently find h\ing on the leaves of one 
tiee, that we cannot lesist the idea of the pimcipal constituents 
of the vegetible cell gum and woody fibie bein^ assimilated by 
them) theiefoie pioduce then cutaneous system fiom woody 
fibic and vegetable albumen whilst on the otlici hand those 
which feed upon animal matteis mostly dcvoui the weal ei 
mcmbcis of then families, and fiom them obtain the leqiusitc 
clntinc, aheuly picpaied and foimed May we not have hcie 
the same iclation as m the hij^hei Vcitcbiata? Does not the 
total effect appeal heie dso to bo dmniubhed by the witlidi iwnl 
of a ceitain amount of powci foi the piodiiction of thcfoimative 
mateuttl, so th it as 1 eg iids the faculty of peiception and volition 
we me oblic^cd to yield to the Cai nivoui a position above the 
Phylloph iga ? 

Of com se these views will lemain hypothetical although highly 
piobable until they hive been pioved to be collect by duect 
obseivaiion Now this pi oof may be obtained with sufficient 
accuiacy in two wajs — 

1 By tiacm^ the histoi} of dc^elopment in a chemical point 
of view, foi instance of the Lobstoi Ihis method w ould not be 
^cly difficult, foi aceouling to Kathies obseivations on the 
Cl aw fish its cutaneous si clclon is not foi meet until the lattei 

* T OC ll ))p n rj 
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stages * and la these the embiyo of the lobster must be of suffi- 
cient size to allow of oui tiacing the tiansition stages by ole- 
mentaiy analysis 

2 By the accurate study of the relations accompanying the 
annual foimation of the likewise in those species which can 
be obtained of the laigest size^ and m quantity^ whcie the em- 
bryonic piocess of foimation of the tegument must be repeated, 
at least m its essential leatuies I must leave this foi futiuc 
accomplishment , it lequncs long i csidence at the sea-sidc, whidi 
I have been unable to obtain dming the couise of the last summoi . 

24 ^Mollusca 

In the genet al pait I stated that the cutaneous system of these 
animals was piiicly animal. This position is based upon the 
following observations the shells of U 7110 and Anodomta consist 
of supei’iinposed layeis of calcaicous salts (carbonate of lime) and 
albuminates The latter are biought into view by the action of 
acid solvents, they then remain behind as white stiucturelcss 
lamelUe. The lime probably exists m the shell in the foim of 
acute ihombohedia^ which are auanged in rowset ^ at least, when 
treated with acetic acid bcfoio undeigoing solution, it isiesolvcd 
into fibres, in wduch I thought I could distinguish the scpaiato 
elements composing it> The indescencc of the shells, a phneno- 
meiion resulting from mteifercncc, is effect ed by the delicate intci- 
sticcs of these fibies. These calcaicous shells aic a pioduct of se- 
cietion from the mantle, they aic externally covoied by a mom- 
biane resembling hoin, which thickens into a ligament nt the 
lunge 5 this, in minute stmetme and chemical pi opertics, exhibits 
the reactions of a duplicature of the mantle. Thus, its external 
layer consists of an epithelium composed of five or six-sidcd cells, 
containing nuclei and filled with a bluish-gicen or brown pigment, 
and between which we find one or moie layers of fibres resem- 
bling those of cellulai tissue. It is impossible to free it com- 
pletely fiom the finely-divided sihcates which adheie to it, and 
the presence of which docs not at all interfeic with the determi- 
nation of the amount of nitrogen. 

0*213 of this diiplicutiiie of the mantle removed by the forceps 
(and clued at 248^^ F.) gave 0*037 ash —17*4 per cent, 

0 369 gave 0 739 ammonio-chloiiclc of platinum 15*22 per 

^ Foi n (lescuplion of tho beauty of thcao tiysfab ni Toedo ()igantc(ti seo 
Itoino, Philosoplutal TinnsaclioiH, 1800, p 2/0 
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cent of nitiogen Of the stiuctLiielcss memLi^ne which le 
mained aftci tieatmcnt with acids — 

0 165 diied at 218 1 0 0195 ash = 11 82 pci cent (the 

abo\ e mentioned silicates) 

0 261 substance ga\c 0 551 amnioino diloiide of phtimim 
= 15 11 pel cent ofmtiogen 

lluis both essentially belong to the simc class of substances 
(muscle, cclluhi tissue) Ihe sime applies to the nil cd Mol 
lusca foi 0 311 of the folds of the mantle of Limaa puufiicd by 
exhaustion with watei alcohol and cthei md clued at 218 1 , 
left 0 01 1 ash, foi the most pai t consistmg of phosphate of hme 
= 15 pci cent 

0 367 of the same gave 0 837 aminonio chlonde of platinum 
= 15 00 pel cent of nitiogen 

Nothin^ can be clone with the Mollusta which live in watci 
{LimncQUS^ Pianos his and Paludina)^ as they aic coveicd with a 
complete fauna and floia of micioscopic foims {Bacillanm and 
ConJe)V(B) On the othei hand, in Ilelioa {pomaiia^ nunouilis 
mcl hoi lensis) wo find the innci layei of the calcaicous shell 
composed of a tianspaient stiuctm class menibianc u])an winch 
in the embiyo Die eaihcst calcaieous liycis aie foimed it may 
be easily isolated b^ e\ti acting the caibonitc of hme with dilute 
acids 

0 ^03 of it (in Hdi i nemoi alidj diicd at 2 18 g i\e 0 003 ^ ash 
ssl 58 pel cent 

0 289 of the same {Hthv nemoudis) clued at ‘^48 gave 0 692 
ammonio chlonde ol platinum =15 27 pci cent nitiogcn 

Ihcwido diffci cnee between the cutaneous system ol these 
families and those of ihe Aitieulata is cMdent We shall stop 
a moment at the calcaicous shells, and examine the piopintion 
of the caibonitc to the phosphate of hme 

1 186 of the shells of Anodonia^ clued li 2 18^^ h when lieuD d 
to ledness, led, on deducting the caibon lemaming iffci the 
solution of the inoigaiue mattei 3 131 incombustible lesiduc, 
which contained 0 019 phosphate of hme 

I 831 of the sheila of Ildn (nemoiultsi) led 1 760 incombus 
tible lesiduo containing 0 0165 caithy phosphates (lime with a 
tiace of magrn sia) lit nee — 

hnd nla Ihl x 
Stiuctiuclcss meinbiane 1 19 3 88 

Incombustible lesiduc 98 51 90 12 
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In 100 paits of the incombustible lesiduc — 

Anodonta 

Carbonate of lime * . 99 45 99 06 

Phosphate o( hme 0*55 0*9^1 

We have hcie scaicely any process of cell-formation, mcic 
amorphous, haulcncd mucous masses (albuminates) sepaiatcd by 
calcnieous layers, and scaicely any phosphtile of lime , the coin- 
cidence IS so stiikiiig that \vc cannot avoid jegaidmg it as u con- 
fiimaiion of the view of the physiological import of llns salt 
pioj)oscd above. I believe, as aheady stated, that a dchnite 
combination of albumen with phosphate of lime, or lathei, that 
an albuminous solution satwiatcd with a certain poilion of the 
latter, possesses the power of condensing into compaiaiivcly solid 
membranes aiound hcteiogencous bodies when bi ought into 
contact with them, c. of forming the wall of jmniaiy cells 
However, I liave not yet succeeded expeiimentallyin ascertaining 
tlie wliy and " whcrcfoic ” wuth suflicient accuiacy Bcfoio 
we leave the Mollusra, I shall say a few woids on the physiolo- 
giofd import of the folds of the mantle in Amnlonta and Unio^ 
which IS very intciesting 

This mantle consists of an mteimediaic scanty layei of fibrous 
tissue, icacmbling cclhilai tissue, which is coveiccl inlonially by 
cdmtccl cpithebmn, but next the shell by the so-called glanclulai 
epithelium, u e. epithelial cells containing nuclei, and resembling 
tiic cells of the livciv Now whilst the formci has constantly to 
supply the gills mt\\ ficsli water, the function of the latter is 
evidently that of decomposing the blood, of sccictmg a compound 
of albumen with hme next the shell, whichis decomposable even 
by the carbonic acid of the air or of the w^atci, but of i claming 
the phosphate of lime and returning it to the organs winch re- 
quire it for the process of ccll-formation (testicle and ovaiy), 
This view appears to me to bo supported by the following facts — 

0*7745 of the folds of the mantle of i/mo, after caicful sepa- 
ration, wdien dried at 248° T. left 0*136 of ash, containing 0*115 
phosphate of hme, 

0*610 of the same fiom Anodonta gave 0*112 ash, containing 
0 091 phosphate of hme. 

Hence, m 100 paits of the folds of the mantle,— 
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Phosphate of hmc 118^ 1191 

Caibonato of limcj phosphate of sochij 

cliloiidc of sodium and sulphate of lime ^71 

In all 17 96 18 3G 

pci eeiit oi incombustible icsidue 


Wc thus set that the amounLof phos])hate of Iniie is constantly 
so enoirnous that it cannot be cousulcicd as accidental 

On the othei hand tlu (unojp/wiis mucus ^\hlch is found be 
tween the shell and the mantle^ and ubi( h is im\cd with hut few 
cpithelnl cells, wlicn incinci lied left the f^icatci pnitas a coloui 
loss ash; (the chaiaeioiisiic odom ol buiiiin^ albuminates beuij^ 
evolved at the same time,) winch wa soluble m acids with con 
sidei able cfTci vesccncc and consisted almost cntiK ly of caibonatt 
of hmc ihe smallest quantity onlj of this jne existed m the 
mucus inasmuch as acids caused but shf^lit evolution of gas in 
the lattei; whilst oxalic acid instantly pi oduced a dense i/hite 
piecipitatc; consisting of oxnlnte of hmc and nlbumcii Hence 
the hmc was contained in it, in thcfoim of nicadil) decomposed 
compound with albumen as a soliible, pci haps basic, albuminate 
of hme 

If wc add these two secictions iogethci we ought again to 
obtain then sura, and thus the eoninmatiou of oiu view, lu the 
blood of these animals 

7 9G() of the blood fiom tlu luait and amides of about foity 
Anodonto} (obtained ])y punctiuc just bcfoio the systole) when 
stilled with a glass lod foimcdasmiU colouiless clot, which, 
when diicd, weighed 0 002^ Aitci the icmoval of those, tlu 
whole was diicd m a watci bath finally at 218° I and wnghcd 
0 OGl On lucmciaUon, this left 0 0302 of white ash, 0 00^9 of 
winch w as soluble in watoi the i esidue, whu h dissolved in acetic 
acid with consideiable cfici vescence, yicUUd 0 0026 of phosphate 
of lime 

I must lemaik, that the blood when fleshly diawn liom the 
hem t was pcifectly deal and colom less, but did not ofllivcsce 
with acids, consequently contamctl no caibonates, although it 
had a slightly allcalmc icaction ihe pmt aohiblc in waiei con 
tamed sulphate oflime;pfiosphalcofaoda and chloiide of sodium 
In anothci poition, whuh I accidentally set aside ovci night 
between watdi glasses, I found the next moiaing the whole sui 
face covcied with a thin ciystalhue film Ihe ciystals undci 
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tlic micioscopc exhibited the most beautiful reguhu* loims, 
although it was JifHcult to deteimine to which systcin they be-- 
longed, they dissolved lu ucids witli consideiable evolution of 
caibonic acid, and Pi of Wohlei dicw my atlcntiou to then gieat 
lesemblanec to the ciystalline hum of Gay-Lussite In fact, 
judging liom the leaction with peichloiic acid, they apjieaicd to 
conlaui soda, togcthei with excess of lime, but it was ceitainly 
neitlici UiG fiist noi second iliombohedion of lalcaicous spai. 

The fiist-mciilioncd coaguliim leactcd touaids alkalies, by 
which it was dissolved, and towaids nitiic acid, which coloiucd 
it yellow, as an albumin, ite. The same applies to the organic 
matter of the diiod lesicluc, ^Vhlch, by fonniiig pellicles on c\u- 
pomtion, and becoming but slightly tuibid ^licn hist heated, 
ajipcavs to be i dated to cascine. 

If we sum up wliat has been stated, it is evident tbat tins blood 
coiUainccl essentially a compound of albumen wi(h lime— nhieli 
IS dccomjioscd even l)y the eai borne acid of the aii, of the nalci, 
or of tliat produced by the chcmico-vital reactions — togcthei 
with pboaphntc of lime and soda, which amounted by weight m 
] 000 pai ta to — 

Water 9f)l*4() 

Pibrine 0*33 

rAlbunien 5*03 ) m a peculiar slafe 

1*89 J of eombinatiou, 

Phosphate of soda, sul-1 
phatcof lime and chlo- r 0*33 
ndc of sodium • • J 
Phosphate of hino . . 0 34 

Tins peculiar albuminate of lime, which for gicatci clem ness 
of considei ation wc shall call neutial, is thus decomposed by the 
above-mentioned epithelial cells into free albumen and basic 
albuminate of hmc • the latter is secieted as an amoiphmis mass 
next the shell, as such, in an almost unorganized condition, obey- 
ing the laws of ciystallizatioii, to contiibuic to its ineiease in 
thickness, the foimer (the fiee albumen) letunis ^Mth the phos- 
phate of lime into the cuciilation, to serve piiicly animal fune- 
tions; either the process of cell-foi mation of tlic piimiiivc ova 
in the ovmies, oi of the maternal cells of thescmimal animalcules 
in the gland ulai system of the testicle. 

We liavc yet to investigate the Zoophytes; but we shall first 
glance at the two transition foims of the Gniipods and Ascidia, 
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\^h^ch me exUcmcI} inteiGbting in this point of view thefoimei 
as being intei mediate between the Mollusca and tlic Ciustacea, 
the lattei as foimnig the tiansition of the founci to the Zoophytes 

3 Cii 7 ipeds 

I ha^e evammed Lopas Ihc stall and c\ticmities 

(Giin),\\hcn tieatcd Mith potash in thcmannci so fiequently men 
tioncd, become colomless and tianspaicnt^ so do the blanched^ 
jointed and simple hau cells they pio\c to be Lubes of chitinc^ 
seiving foi the piotcction and suppoit of Ihc numcious muscles 
goveining then segments, wlucli lattci aio aiiangcd in a sheath 
hke foi m, and m which the foi mci play 1 he mne i smface of this 
chitine tube is covcicd imUi a layci of pigment C( 11s, i cscmbling 
those of the choioid coat and such as also covcis the eoncavc 
surfaces of tlxc aiticulated calcaicous shells lying next the bodj^ 
^Uuch coiiespondmg to the analogous covenn^s of the biv ihos, 
neveithclcas appeal to be joined to^ctlici by chitine ligaments, 
t e Ciiistacean ligaments Ihc analogy of these ai ticulatcd cal 
caieoua shells Mith those of the Conchifcia is evident fiom the 
follou mg analyses — 

1 736 diied at 218^ T aftci being heated to ledncss and dc 
ducting the amount of caibon left on solution, gave 1 7116 m 
combustible lesulue, containing 0 012 phosphate of hme 

Hence the shells contained pci cent — 


Albuminates 1 09 

Incombustible lesidue 9C 81 

and 100 paits of the lattei contained — 

C mbonate of lime 99 30 

Phosphate of lime 0 70 


Ihc above mentioned albuminate icmained m the foim of 
stiuctuieless white films aftu beutment uith dilute adds, just 
as in Umo^ but the calcaicous shells o( I epas aic not fmnished 
with the homy imcstmcnt on Uic outei siulace of the Anodofilw 
(haidencd duplieatme of the mantle), but at this pciiod aic uu 
attached to the last foi med calcaicous layci (oi lathu thccaihesL 
foi mod calcaicous lamella.) 

Ihus, even in a puicly chemical point of vicu, the C iiiipeds 
letain then position in the animal kingdom 

1 isndta 

Tlhcsc animal foi ms, which in icgaid to the histoiy of then 
development have been too httlo investigated, picsent us vith 
VOL V 1 AUi xvn 
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extremely interesting phaenomena, I examined Ascidia {Ct/nihia) 
7m7n7mUaris^ The thiclt fleshy sac, in which the gill and in- 
testinal tubes, as also the liver and ovaiy aie fixed, consist of a 
conglomeiate of laigc unnucleated cells, stnlcingly like the pa- 
renchyma of the Cacti 01 many fimts On its inner suifacc 
numeious vasculai lamifications are spread, these communicate 
with the gills. If this entiie external eac is tieatcd with water, 
alcohol, eethci, dilute acids and alkalies, in succession, the walls 
and contents of the vessels are dissolved, and the transparent 
Goloinless tissue of the above large globular colls is left, without 
its minute stiucture having undergone the least change It is 
not alteied by nitric^ mw iahCy oi acehc acidSy nor the most con- 
emulated solution of potash \ in fact, an excellent method of 
obtaining it clear and tianspaieut is ebidhiion for several hours 
with nitiic acid Ilowevei, in concentrated sulphuric or fuming 
nitnc acid it slowly deliquesces into colouilcss fluids, the nature 
of which I was unable to examine foi want of a sufiicicni quan- 
tity The amount of watci contained in this capsule is so gicai, 
that 3*3175 of it left only 0’0355 = 1*07 pei cent, of solid lesiduc , 
so that the mantle of one entne animal of the size of half the 
fist, and 2 lines in thickness, when diicd weighed barely 0*5 gun. 
The substance of this lemaikable tissue, which was obtained 
chemically and anatomically puie m the manner mentioned 
fiist, IS fee f)om nitroffenyH^l assured myself m two expeu- 
ments upon 0*105 and 0*2065 heated wdth soda-lime , wlicn 
heated in a glass tube it carbonizes, peifectly retaining its form, 
and evolving the pecuhax* odoiu of carbonizing cellular tissue of 
plants, and in the air it bums away readily and completely on 
account of its fine state of division. When heated in glass tubes 
to 392° F. itiemains unalteied; lastly, when burnt in the small 
platihum vessel in a curient of oxygen, as above, it yielded as 
follows * — 

0*2168 of substance gave 0 357 carbonic acid and 0 125 water, 
leaving 0*002 of ash (sulphate of lime m the platinum vessel). 

Hence 100 paits of the tissue, free from ash, contains — 
Carbon . 45*38 
Hydrogen . 6*47 

1 , e. the composition of the cellular mcmbiane of jdanfs j*. 

* With Ilia well-known libeiality Piof Wagnci gave two apeenn 011a fiom lua 
piivate collection (from Genoa and Maiseilles) foi this examination 

f This remmknblo fact \ia^ since been fully confiimoil by MM and 

Koltikei 
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We hcio find, in ic^aul to the minute stiuctiiic, aicmail able 
a^iecmcnt between the toim and element uy eonsiitutioii of the 
mateiial substiatum, and an inhiiitcly moie icmul able fact foi 
gencial comjiai \tivc physiology, and especially foi these animal 
foims 1 01 these oi ganisms the u hole life of u liicli can scaicely 
be consideiedas moicthaii a mcie vc^^claiioii^a constant piocess 
ot assimilation, and the hole nenoua sjstcm of ^\hlch is ic 
duced to its simplest elements a single ganglion (sympathetic^) 
with a pan of piimitive fibious bundles lunniii^^ fiom it, aie 
placed m a vcgetiblc em elope Accoidmg to the obscivatious 
of Miinc Ldwaids'^', the Ascidia m then young slate swim about 
unattached, and do not bcconu h^cd until a ecitam pciiod of 
then existence Wc might imagine that in this case a luximoiis 
condition of simple ccllulai tissue, which wc might ciU an Alga, 
01 something of that kind, sunounded the animal in tlie foim of 
a pouch, and thus foimed with it a /oophyle m the tiuc sense of 
the woicl, did wc not find in this sac on the one hand, the poi 
feet blanched vasculai system, — thus oiganic connexion with ihc 
piucly animal oiganic systems of the animal, — and did not on 
the othei hand, the obscivations of Sais ( and Miliic Ed wauls [., 
on the development of the compound Aseidia {Boiiylhs^ Pohjeh 
niini^ &c), oppose this view foi in them the emhest founatiou 
of this sac appeals duiing the pioccss of bdm cation in the foim 
of a Uanspaicnt coloiiilcss gelatinous layci, between the onvc 
lope of the ovum [choi ion ?) and ihc yolk 

Chcmistiy has hcio done all that it can fmfchci explanation 
must be obtained fiom moiphology A new fundamental study 
of the development of this animal, with especial i eg aid to the 
histogcny of its envelopes, must solve the enigma, and uudci the 
piesont cn cumstanecs would piovc ol the gieatcst intcicst 
We shall ooncludc this mvrsUgatioii with a considciation of — 

5 Jhe /oophi//c^} 

in one of then simplest lopiesentativcs, which has been bcfoic 
mentioned, P? uslulia salinay 1 ' lubg§ Its discovi ici fiist found 
it in quantity in the Konigsboinci sahiK spimg As is well 
known, Wohlei j| two ycais ago made thcobscnniion wlueh is of 

Oh ivatiom m lo3 AscuUu^ compos h d s ciUes dc la Manche Puiia 1811 
Condensed by Voa Siobold iii the Aninml lUpoit of Mulloi b AioIiiveB 1812 
]) cKw t lioiky} H Nolixeft ill 1817 p 100 

t Toe U i To cif p 2i3<2 

II 3V<ihlei and I lol a 1811 p 200 

u 2 
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such impoit^nce in gcnei al physiology^ of ihe evolution of ox^ygcn 
as tiu final result of an inveiied vital leaction (fttoflwcclisd) oi 
lospiiatoiy piocess of these oigamsms He had the kindness to 
dinw my attention to the ph^enomenon itself^ as also to the ex- 
cellent Tnateinl foi minute examination^ and pointed out to me 
the locality and the veiy spot (in the Rodenbeig saline spiing) , 
the undei taking and happy issue of this investigation aie owing 
indeed to his fiiendly advice and assistance I aiiived at the 
saline spimg nt thiee clock one afternoon m the end of Sep- 
ieinbei A whitish mucous mass coveicd the bottom of the biine 
leaei voir 3, between thelayeis of which bubbles of gas to ^ long 
and 2^^' to 2^'bioad veie inclosed Sliuing with a stick caused 
%n enoimous evolution of gas A gloving chip of wood vas set 
in a flame thiee times in succession vheu inseited into an ale- 
glass V Inch had been filled a fev seconds pi eviously Observation 
made v ith a good Obeihausei^s micioscope upon tlic spok diov ed 
that no tiace of Confeivct oi othei foims than the Inusluhay 
could be detected in the flesh mucous masses vhich wcie up 
peimost, especially in those which vveic filled vith this an loaded 
vith oxygen 

The cential^iouncl, eye-like masses, which Ehienbeig pointed 
out to be male seminal glands, as also the naiiow ones lying on 
the lateial vails of the siliceous cai apace tovaids its apex, and 
V Inch this philosophei consideis as ovaiies,weic yellowish bi ov n 
Micioscopic leactions, as also the combustion tube, appeal to 
eonfiim the conectness of tins view, these masses as men- 
tioned at p 11, consist of fat It vas noticed at the same time, 
that potash appealed to dissolve the otliei contents of the aih 
ceoua cai apace The lesidue, aftei tie itment with OLlhei and 
dilute solution of potash, was consideiable It v as pioved (0 415 
being heated to i edness with soda lime) to be/) ee fi om mh ogen , 
the lesults of elementaiy analysis veie 

0 6275 of the substance diicd at 218^ gave 0 527 cai borne acid 
and 0 186 vatei 

0 6275 left 0 316 ash (silica) m the small platinum vessel 
Hence m 100 paits of the substance flee fiom asli thcie vas — 
Carbon 46 19 
Iljdiogen 6 63 

Uhis lesult agices peifectly vitli that obtained by llochledei and 
Ileldt as a mean of se\en deteiminations foi the cellulai mem- 
biane of lichens they found — 
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Caibon 16 08 

Ilydiogcu 6 67 

IIo^\evcl the slight cvecss of caibon and liydiogtii may bo 
asciibcd to impiiiity aiisin^ lioin a poilion oi the 1 colouiing 
mattci, &c being nmed ^Mth it At all c\cnls this ^eiiidae ts 
tdeniical with the memhane of the vegeiabh cell ' Ihe contents 
of the siliceous caiapact \^h^ch wcic soluble in potash^ behaved 
like pioteine judging fiom the leachons uitli potash, ammonia, 
acetic acid and mtiic acid (foi mutton ol xautho piotcic acid), but 
then elemental y constitution could not be dclei mined with the 
necessaiy accuiacy, inasmuch as the ic^iduc fiec fioin mhogen 
IS only 1 datively, not absolutely insoluble in potash , a piopeity 
which belongs also to l^aycu s puie cdlulosc hence on ncutial 
izing the alkaline solution with acetic acid, a quantity oi the 
lattci la piccipitatcd with silica and piotcinc This mixtuic 
yielded fiom 8 to 12 pei cent of nitiogen, and 

Caibon 18 49 7 

Ilydiogcu 6 7 G 9 

lesulis which agiec pcifcctly with my supposition Hence, by 
delei mining the amount ol ash and mtiogen, the i elation of the 
siliceous cai apace to the fat, piotcmc and cellulose may be ascci 
tamed with sufficient accuiacy and elegance Ihc piuc mucous 
masses (^ t of comae iiced fiom the contents of the hi me Icy by 
washing with puic watci), diicd at 218 befoie tieatmcnt with 
rctliei, gave as follows, — 

0 123 ^ substance yielded 0 191 ash containing 0 1795 silica 
0 0115 phosphate of lime with a little pcioxule of non = 45 1 
pci cent 

0 1375 of the substance gave 0 1665 of ammonio chloudc of 
platinum =5 1 35 pci cent of uitiogcii (a(lci deducting the ash) 
Ihc same mass, when diied at 218 , aftc) tieutment with 
mthci, hence altci the lemoval of the fit yielded, — 

0 2015 substance, 0 1095 ash ;= 51 515 pci cent 
Pioteme, flbiine, ilbumen and eascine contain on an aveiagc 
15 8 pci cent ot nitiogen lakmg this as a base, we have lu 


100 paits of the liiusluli(By — 

Siliceous cat apace 4o 10 

Fat (ovaiy, testicle?) 15 77 

Piotcmc substance (foot^) 15 12 

Vegetable celliilai mattci (mueous en\ elope) 2J 01 


I thcietoic belies c that the position advanced at the end of tlie 
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Gcneial View, that these F)ustuhai are beings having the 
substance and the oiganic le- and decomposing forces of plants 
Yith the locomotion of animals/^ is satisfactorily proved. 

Are we, howcvei, in the piesent state of our knowledge, justi- 
fied in accurately defining the above line of limitation between 
animals and plants^ Is it not high time to ovei throw this 
Chinese stiuctuie, as an obsolete descendant of systematic 
scholasticism, and to considci that from man to the primary 
animal and vegetaUe cell, time emsis no gap in the leuhmiion of 
a geneuil idea upon winch naiuie as a whole is based 

In what does the spoi^e of Vaticlmia clavata^^ that simple cell 
with its vibrating cilia which moves about for hours together in 
u ater, diffei ft om the young Medusa, the not less simple vesicle 
which cleaves the waters of the Noith Sea with its ciliated bulbs ? 
In what does tlie embiyonic cell of the swimming Ascidia differ 
ftom both of those? Do not all tluee, with the utmost pio- 
bability, possess the same elementary form and composition? 
The mantle of the Ascidia exhibits to us the substance and struc- 
tuic of the plant; it must pre-exist essentially as such in tlie 
ovum, for in the earliest stages of development of the latter, in 
the earliest change of that indefinite chaos towaids the future 
oiganiam, ive find it already sepaiated as a piotectivc formation 
to its contents (the bifui cation globules) i. It is highly pi o- 
hable that the transpaient mantle of the Medusee possesses the 
same elementaiy composition, hence the embiyo of an Alga, as 
regards its maienal suhsiraium (foim and composition), is iden-* 
tical with that of a Medusa or Ascidia; in the foi mcr, we have the 
highest stage of development of the plant; in the latter, the 
simplest foim of the animal! Cannot we apply the idea, so 
important m its consequences, by which Stceiitiup j not long 
since combined numerous observations, lieretofoie isolated and 
apparently paiadoxical, into an haimonious whole, in the same 
manner to the simplest foims of the animal woild? I mean, 
cannot we legarcl the Alga as the nurse of its more highly deve- 
loped emh yo ? The nurse of a Campanularia^ ewlnbits no trace 
of the phasnomena Mdiich we necessaiily connect with the idea 

* Di F Ungei, The Plnnt at the MoiuGnt of its Animah/ntion Vienna, 
18'lt} (in LctteiB to findlichei), 

t Milno Eibvnids, / c 

J J J Sm Steen tin j) on the Alternation of Gcneial ion, translated foi tho 
Roy Society, 1816 Tjoiidoii 

§ Steentiup in lelcioncc to C(im2ianulan{i ynuculaiaf p dl, hg 52, 
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of animal ^ we have heic no stomachy no mteinal cavity foi 
the assimilative pioceas, no spontaneous motion m shoitj it is a 
ptifcct pment call oj mi Alga ihe cmbiyo ^\lnch on the 
bin sting of this so called paient animal begins to pass tluoiigh 
its independent vital cycle, exactly icacniblcs VauUiayia^ like 
the lattei, when the cdiaiy motion has eontinued foi two liouis 
it becomes fixed, and thus attached becomes developed into 
peifcct poljpcs in the fust stages of this piocess it is a tiuc 
alga, m the latlci an animal oiganism| Wc may icgaid the 
Alga as an intuiupted foirnaiion of ilia polijpa^ as pjhjpas loith 
a simple altu nation oj genoahouy tvlulsl Campaniilaiia 
sesses a double one ^ We piobably have exactly the same le 
lation m the Salpm md AscidicOy and also as cxpcii 

mentally piovcd in numcious paiasites (Ascaiis) |, the considei 
ation of vhich hcic Mould lead us too ihi, and which is at once 
seen M lien the views wc have detailed me compaicdwiUi tho 
ingenious ideas and excellent obseivations of Steentiup in the 
woik we liave quoted 

Lastlj, thc^c M ustnhee — Mith then vegetable mantle and then 
vegetable ultci ation of mattci — even Mith icgaid to then only 
unmality, the feeble spoilt mcons motion, an 100 tunes sui 
passed by the embiyo of the Algie! Iheio can be no doubt 
that they must possess the faculty of convex ting constitucuts of 
the almosphcie into the substance of then oigainsm , tbcMatci 
of the spiing luudly contains tiaces of oiganie compounds , when 
the ail is excluded and it is icmo-ved fiom the influence of light 
and heat, it lemanis deal and coloinless m sunshine, vithout 
the picvious foimatiou of Coitfova,, without a iiace of any 
otliei picviously foimed foimativo mattei, the fen gcims of ihcBo 
beings (i } iisfiiliw) w Inch havi accidentally Inllen into li become 
developed into millions of individuals , they i educe the caibomc 
acid of the ilmospheie to fats and hycliates of eaibon, they assi- 
milate the ammonia, oi evcupioducc it fiom the nitiogen of tho 
atmosphcic, and combine it with the elements of tlic luis and 
hydiocaibons, so as to pioduce piotcine and albuminates, they 
scpaiate tho oxygen in excess, and man, investigating andicflcct 
ing fiom the final pioduel on Ihc ‘‘essem e ol the pioccss, sees 

StOLatiuj / c Ii/, it and III U I ti / y 

t Stcontiup t c fi/1,8 I and ,1 

j tuct ul / p [) cl sc I ])o\cl pnicht of llic liciiialcahi 
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the possibility of his own existence being paitly mediated by 
the above moat simple beings leatoiing the equilibnum of the 
atmosphere. 


III. Conclusions* 

The facts which have been discussed in the preceding pages 
may be briefly expiessed as follows ’ — 

1. That the Aiticulata aie chaiacterized by the presence of a 
peculiai siibstancej clutine^ which constitutes the whole of then 
external investments^ as also the tracheae^ the gills, and probably 
the innermost layei of the intestinal tube, this substance, winch 
icsembles woody fibie, is not found else^^llele in either the ani- 
mal or vegetable kingdom, and it contains exactly the elements 
of pioteme and staich or of ammonia and sugai. 

2* The substance of the cellulai membiane of plants (cellii-* 
lose) IS by no means peculmi to plants, m fact it appeals to be 
veiyMndcIy diffused m the lower classes of animals, and has been 
expeiimen tally pioved to be a constituent of the mantle of the 
Ascidicv and Ft usiulia^* 

3 The smooth and transversely striated muscular elements 
(primitive fibres) of the Invcitcbiata (Cockchafer, Ciaw-flsliand 
U^nio) me identical m composition. ^ 

4. Phosphate of lime is in intimate i elation with the process 
of cell-formation, and probably a soluble combination of albu- 
men with it in definite propoitions alone possesses the pliysico- 
chemical qualities nccessaiy for this process. 

These facts lead to the following deductions : — 

I. No chemical or physical difteiencc can be instituted be- 
tween animals and plants; psychology alone must define the 
boundary limits, if any. All those distinctions which have hi- 
thcito been made, and which have long been untenable bcfoie the 
tribunal of sqund natural jthilosojthy aie also without ewpei menial 
foundation, and have aiisen fiom confusion of the i elutions of 
causality they are all mere consequences of the psychical con- 
stitution of the individual, of the species or genus; mcicly the 
means necessary foi the attainment of an object which the soul 
of the individual or of the univeise aims at. 

Proof* The most important diffeiences in form and compo- 
sition which have hitherto been instituted iclatc to — 
a Motion. 
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h All internal civity foi the assimilative piocess 
c 1 he ultimate pioducts of the mctamoiphosis of matter (pio 
ducts of the icspiiatoiy pioccss) 
d Ihe substance of the cell ’wall 

Ad a Ihc Oscilhtoiia, and the bpoies of the AIgm have a 
spontancoiia motion as pci feet as^ and even consideiably moic 
so than that of liaciUa ) kb and the h\cd rnaime nmniala 
{ylscidm^ &c ) This motion is a necessaxy fundamental con- 
dition of tlic physical existence of these beings what the atmo 
spheic is to plants the ocean is to ihc adheicnt manne annuals 
If ilie land animals lived in a sea consisting of albumen and 
bydiates of caibon^ they would not icquiie a locoinotnc appa 
latus to enable them meicly to leplenish then founative mattci , 
if the utmospheie contained no cai borne acid, plants would stand 
in need of locomotion 

Sponlaneotis motion is the consequence of the piesencc of the 
Will The will without the appal atus lequisitc foi the leali/ation 
of its idul activity, would be an extiemely useless gift of natiue 
and if \\c adopt the maxim that ^^cvciy thing in existence is 
ludicious and peifcct^^ it would be inadmissible Cuvici has 
beautifully heated of the idations of causility ni the inlioduc 
tion to his Compaiahve Ariatomj ^ 

Ad b What, then is the piinciplt of this mtcinal cavity m 
the assimilative pioccss ^ 3 vidently the gicatcst possible incicase 
of suiface so as to favoiu ihe most pcifcct assimilation m an 
cndosmotic appaialus Do wc not pcihaps find it icah/cdin 
plints? Undoubtedly the whole system of mieicellulai spaces, 
with then outlets in the stomata, exhibits exactly this aiiange 
ment, except that in then case, picsciving the same 1 ind of com 
puison, wc have the lungs and intestinal tube combined Oai 
bonic acid, the foiniahvc matenal of plants, passes fiecly thiough 
the stomata of the elongated canals o( the mtciccllulai sjiaces, so 
as to be tal en up into the smioimding cells by dinusion ns loi 
nntivc matenal just as albumen and the hydiates ol caibon pass 
tluough the sphinctu ous into the intcstni il cavity timt which 
IS designated difliision in ihc foimci couesponds to eudosmosc 
in the lattci , the un named cells of the foimci constitute the 
epithelm of the intestinal viili in ihc Inttci 

riie Vibiions ai c usually denominated animals They exhibit 
the most nctuo motions , they peimanontly exist as simple cells 
without a tiace of eontiacfion even when magnified tothcgient 
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est extent : but the fact that the intestinal tube and respiratory 
apparatus (lung, gill and tiachea) aie mcie inflexions of the outei 
siuface to affoul in ci case of suiface, ought to be proved in the 
Aiticulatato a demonstiation, in addition to other facts, by phy- 
siology and the history of development, foi m them they entiiely 
consist of that lemarkable substance which is chniacteiistic of 
these animals, viz, chitme 

Ail c, Wohler has cleaily pioved tliat elimination of oxygon is 
the ultimate piocluct of the metamorphosis of mattci in the 
tidm\ on the other hand, Drs. Sclilossberger and Dopping* have 
proved the exhalation of cai borne acid to occur in Sponges and 
Fungi. Thus we have the exact antithesis of the lequiicd sepa- 
ration of caibonic acid in animals, and the excretion of oxygen 
111 plants. 

Ad d. I have piovccl the identity of the substance of the cel- 
lulai membiane of plants with that of the mantle of the Amdim 
and Fi usiulm^ and lendeicd it probable with that of the Medam 
and Polypes. 

IL Eeil^s position, ^^that the vital phenomena are the result 
of foiin and composition,^' is even now correct when put into the 
following foi m j — ^^The woiking of the animal machine itself, in- 
dependent of anothci spheie of motive pliaonomcna of a distinct 
immateiial substance, psychical activity, is the necessary lesult 
of the stiucturc and composition of its elements/' 

Proof This is affoided by a comparison of the minute striic- 
tiue of the mantle in the Ascidia with that of plants having the 
same composition; not less striking is the systematic position of 
the CuTipeds compared with the lelations of their composition, 

Moi cover, the doctrine of Vital Force has gone out of fashion ; 
a "metabolic power in the gc]1,"&c, is now substituted for 
it, h e. it has received another appellation, or is designated " as 
the unknown cause of a sciies of pluenomeiin which we call life/' 
Every raotoi phenomenon is however meiely the result of the 
leaction of at least two masses in motion (the fust position in 
mechanics) , to explain a motor phenomenon, and to rcfci to its 
causes, means to analyse its intensity and dnection according to 
the paiallelogiam of the forces of its components : this implies at 
least two foi CCS ; tins is the province of physiology, as well as of 
cvciy physical science. It is cleai tbatfiom one primiimniovens^ 
fiom one mental pluonomenon (foice), assumed as a causal mo- 

* Wohici aiu] Liebig's inn(ileu^\o\ In p lUl 
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incnlum foi the sil e of convenience we cannot evplam n single 
motoi ph inomonon, much less a sum of iliun Uus funda 
mental idea of Rcils excellent position iCj^aiclmg the so called 
vital foice ^nhat it is the neccssaiy icsult of foim and compo 
sition ^ will lemain as the suic basis of a lotional physiology 
{i e the physics of the oigamsm) It was the identification of 
the soul (the sum of the psychical motoi plucnoinen i) with the 
tiialjoic (that of the neccssaiilj led Reil, an 

inductive philosophci^ into nuracious conclusions contiachctoiy 
to cxpeiiment — with him physiology and psychology wciesyno 
nymous 

Wc sec that the mechanism of the oiganism in the simplest 
vegetable foim {Conjeiva Pi olocoeexts) pioceeds ad tiifiniluni 
with mathematical piccision, just as a ciuve iccoiding to its 
foimula^ if but a difleiential of magnitude be gnen But in the 
animal woilcl we find a substance added the mechanism of 
winch wc call psychology, a sum total of motoi phenomena 
with as many points of commencement, diicctions and intensi 
tics, as tlicic lie reacting masses of the coipoital oigamsm, 
111 e this, developing itself from a ditfeicnlial in magnitude ac 
coidin^^ to stated foimulcc, which foimulee being pcculiai to each 
species uccoiding to the magnitude of the substituted value and 
the dination of the leal constiuction admit iii it of an infinite 
vaiicty 

llic only lational diffcience which wc can make between an 
animal and a plant appeals to me this tliat foi each species of 
jilant wc have fiom the commencement (which it is the pioMiico 
of geology and palaeontology to dctciminc) one diflcicntml of 
magnitude and one foimula (cell), tiuly only a single difleiential, 
foi this by intci^ialion piocluces only one definite cuivo, be the 
substituted ^Qlues cvci so diflcient, whilst in the ammal two of 
them aie given (the cell jilus the soul atoni)^ the mlcyiah of 
which wc designate vcqelabh h/t in the ioimei and ammal life 
in the lattci 
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Article II, 

Memoii^ upon the Colours pi oduced in Homogeneous Fluids by 
Polm ized Light ^ By Augustin JFiiESNiiiL | , 

[Picsciited to the Academy Maich 30 th, 1818 ] 

M. BIOT was the fiist to lemark that several homogeneous 
fluids possessed the pioperty of colouiing polaiizcd light, and 
of reproducing the exti aordinary image in the same manner as 
ciystallme substances. This beautiful discovery proved that the 
polarizing action of bodies could be exercised independently of 
the nriangement of then particles, and solely in virtue of their 
constitution. 

Reasoning fiom analogy, I have long suspected that these 
phccnomena of polaiization ought to be accompanied by double 
lefi action, m fluids as in crystals, The coloiization of lire light is 
moreover explained m so satisfactory a manner on the undula- 
toiy theory by the mtcrfeience of two systems ol vaves, that it 
was natural to suppose their existence, even in homogeneous 
fluids, on seeing that colours wcie produced by these fluids, 
Neveitheless no hypothesis stood more in need of confirinatioii 
by diiect experiment. 

The theory of inter feiencc points out several very simple 
inodes of observing the slightest diffeienccs in the coui’sc of two 
systems of waves emanating fiom a common source. For this 
purpose, for instance, the phoenomenon of coloured rings may be 
employed, oi that of the fringes produced by the meeting of 
two pencils of rays. 

At first I followed the former pioccss Having tightly 
squeezed two prisms together so as to produce the coloured 
lings, I caused the light of a lamp to fall upon the surfaces in 
contact, at the angle of complete polarization, The rays thus 
leflected travel sed a tube m length, filled with essential 

oil of turpentine, I was obliged to make use ol an opci a- glass 
to distinguish the rings, in consequence of the distance at which 
the prisms were situated, 

* This Memoir was supposed lost It 1ms been found recently nmongst the 
papers af M L6onor Fresnel, tlie brother of tlic illustrious Acaclemlcmn 

t fianslated by E Ronalds, PlnD Tim Editor is nulcbtedto tlm lie v Pio- 
fessor Lloyd, Piesidcnt of the Royal Iiisli Academy, toi Ins kind assistance in 
revising tins tiaiislalion foi the pi css 
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With the ^^lass alone^ I did not pcicuve moic inigs thiough 
the oil of tinpentmc th ni bcfoic the mtei position of that liquid 
but on phung a ihomboid of caiboimte of Iuiil in the intc loi 
of the telescope^ so as to pioduce two scpaiatc images T pei 
ccivcd in each of them a coiisidei able incicase in the numbei of 
lings thcy^^ele peiccptible even m hen the film of an was ol 
that thickness at uluch I had picvioiisly nevci been able to dis 
covoi them Non, one can only explain the appeal ance of 
these ne^v iings by supposing a cliininution m the lutcival of 
the tno systems of v^aves wbieh combine to piocluee them oi, 
whixt comes to tlic same things by suppqsmg that the one pait 
of the system of \vaves leflected by the fiist suiface of the film 
of an, tiavcised the tube a little moic slm\ly than a pait of 
those leflccted from the second siufacc Ihus it must be ad 
mittcd that the oil of tinpeiitine ictaids hi e ciystals, the passage 
of lijjhi in tuo diflPcicnt dcgices As the lays icflccted by the 
fiist and second suiface of the film of an must equally suffei 
double lefiaction in passing thiough the liquid, the newnngs 
can only be foimed by one half, at most, of the li^hb which 
1 caches the eye so tint the} ought to be much rnoic feeble 
than the otheis 

It ma} be objected to the deductions which I have just made 
fiom this G\pcnmcnt, tint the cii cum stances giving use to the 
new lings bciUt, picciscly those which cause the coloius in the 
oil of tuipcniine, the appaient augmentation of the nuinbei of 
lings may possibly be due to the simplijicaliou of the li^^lit 
But in the fiist place, I icpl}, that these colouis wcic exceed 
ingly feeble m consequence of the gieat length ol the tube, and 
that even, m ccitain positions of ilie ihomboid of culcaicoiis spai, 
they became insensible, the two images then appealing to Iiavo 
no othci coloui tlian that peculmi to the liquid It will be seen 
besides that sevcial othei pliTnomcna confiim the hypothesis of 
double icfi action in the oil ol tuipentiiic 

Having earned the same tube into a dail loom, I diicclcd it 

* M Aingo made n long timo ago u peif oily ainnlai oxpoiiinent upon 
plates of look ciyslal uit at nglit angl s to tlio n\iH llio same plnLUonionou 
can bo ptoclucoil wUh latiinro of lo k ciyatal n sulphate if Inno cut painllol 
to the axis anti of but slight thickness When they aio only I oi 2 miliimeCros 
tiuck the iiGu nngs nio iiif cll> s paiahd fiom tinso which sunouiKl the 
point of contact and establish with ccitaint) the double lohaction of the ciy 
stal ibis piopcity of cijstnllinc lanintJL may bo equally well appliorl as a 
incusuio of then doullj icfiactivc powcis then tlucknes and of the ctuvn 
tmoH oi the object ghmes oi Ibo tolcscopt 
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to^^auls a luminous pomt, bcloie ^vhich I had placed a sciics of 
glass phiea to polaiue the incident light At the othci extie- 
mity of the tube I placed^ at the angle of complete polaiization, 
two plates of glass notsilveied and veiy slightly inclined to^\aida 
each othei, so as to pioducefiingea of sufficient bioadth Ihen 
obseiving with a magnifying glass the light thus icllectcd, I dis- 
coveied the existence of tliiee systems of fiinges 'which touched 
and mixed slightly aiith eich othu, m consequence of the tube 
not being sufficiently long 

The middle system^ piocecdmg fiom the supciposition of tlic 
fiinges pioduced by l^lie meeting of the lays which had suf- 
fcicd the same lefiaction^^ was much moie niicnsc than the two 
otheis^ which lesultcd fiom the coincidence of the lays oppositely 
lefi acted The light was not sufficiently intense to enable me 
easily to disco vci in these the position of the daik bands of the 
fust oidci , but it appealed to me, as fai as I could judge, that 
the distance of the centie of each of the systems on the light 
and left fiom the centic of that m the middle was the bieadth of 
seven fnngcs Anothei moic piecise cxpeiiment, detailed at 
the end of this ineraou, shows that the feeble coloius pioduced 
by this tube belong to the sixth oidei 

Although the existence of double lefi action m the oil of tin- 
pentine establishes a gieat analogy betw cen the phoenomenon of 
its coloiization and thatpiesented by ciystallme laminne cut pa- 
rallel to the axis yet ncveitheless they diffei essentially ni many 
lespecta In the ciystillme hmiii'c, the lotation of the ihom- 
boicl of calcaicous spai pioducea a vaiiation in the intensity of 
the tint without changing its natiuc, xn the oil of tuipcntine, 
on the contiaiy, the same motion of the ihomboid changes the 
natuic of the tint without diminishing its intensity Lastly, the 
tube containing this liquid may be made to turn upon its axis 
’Without pioducing any change eithci in the natuic oi in the 
vividness of the colouis , whilst on turning the ciystallme laminm 
in its plane, the colouis are augmented oi lessened until they 
aie 1 educed to a puie white 

The singulai modification which double total leflcxion at 
an azimuth of 45° impiesses on polaiized light, and which im 
paits to it the appeal ances of complete depolaiization w hen ana- 
lysed by a rhomboid of calcaieous spai, does not depme it, as is 
know n, of the pi operties of coloui ing crystallized lamime These 
tints have even as much vividness as those pioduced by oidi 
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naiy polaiized light, and aic only diffucnt in kind Now hcic 
IS anothei chai icteiistic dilFcicnce bcU^ecn the action of ciystal 
line laminiO and that of oil ot tuijpentine I ight thus modified 
IS no longci colouied by this liquid, and appeals when subjecled 
to this tual, as completely dcpolaxized as when caused to pass 
immediately tliiougli a ihomboid of calcaicous spai 

At the exticmity of a tube 0”50 in length, filled with oil 
of tuipentine I placed a glass paiallclopiped, in \Uiich the inci 
dent lays pieviously polmized, sulFcicd iwo complete leflcxions 
in a plane inclined at an angle of 15° to that of piimitive polai 
ization In lool ing thiough the othci pvticmity of tins tube 
\utb a ihomboid of calcaieous spai, I could peiccne no tince of 
coloiization, when the lajs had been icflcctcd at a piopci inci 
dence in the glass painllelopipcd, whilst polai izcd light mIucIi 
had not suffcied tins modification gave use in the same tube to 
the most vivid coloius Rock ci^ sial cut peipcndiculaily to the 
axis pioduced undei these ciicumstnnccs the sunc effect as 
oil of tuipentine 

Polaxued light modified by double total leflexion being no 
longei colouied in this fluid, analogy iiKlicatcs that it should no 
longex pioducc moic than a single system of fiingcs i^ith the 
appaiatus descubed above and this is confiimed by expeiimeiit 

It IS natinal to condude fiom these iuo cxpeiimcuts, that 
lit,bt tlius modified suffcis only a single icfiaction m the oil of 
tuipentine lo vciify tins conclusion and to assuie myself that 
the on lea\ing the tube ically did not contain moic than a 
single system of fiingcs I made it ti ivcisc a thm ciystalhnt 
lamma, and I then sau that it gave use lo the same coloius as 
when it had not tiavcised the oil ol tuipentine, oi at least the 
tints diffeicd veiy little, and this slight diffbi once was due to the 
peculiai colom of the liquid, as Mas seen by causing incident 
light to tiaveiae tins fluid bcfoie its punntive iiohuization 

But hcic IS luothci aiiilicienlly i email able cxiieunient, wlucli 
shows pcihaps still betUi, that in the picscnt case the oil of tui 
pentine gives up the hght pist as it icecivcd it AVhen the po 
laiized lays have suflPeicd total icflcxion in m azimuth of 15° 
lo the piimitivc plane of polaii/ation, if (luy aic again submitted 
to t\^o total icflexions in a siiond glass paiallelopipcd, they 
leassume all the appeal anco and piopeitics of complete polai 
izaiion, tins is a phenomenon easily explained upon tlie theoiy 
put loiih in my last memon But the same pliocnomenon still 
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occuia, ^^hen a tube^ however long, filled with oil of tuipcntinc 
IS placed between the two glass j^ai^allelopipcds. Thus the mo- 
difications impaited to the incident lays aic not altered m this 
case by the in tei position of the fluid, 

When, instead of placing the glass paiallclopipcd at the foic- 
most extiemity of the tube, it is placed at the end neaiost the 
eycj the polaiized light, which, aflei travel sing the oil, is le- 
flected twice lu this paiallelopiped, presents the charactcis of 
a pencil of light which has travel sed a thm lamina parallel to 
the axis, for, on turning the ihomboid of calcaieous spar, the 
natuie of the tints is no longer vaiied, but only their intensity, 
which pass into a peifect white m two icctangulai positions of 
its piincipal section, when it is inclined 45° to the plane of double 
reflexion The tints airive, on the contrary, at then gicalest 
intensity when the principal section of the ihomboid is paiallcl 
01 peipendiculai to this plane Then nature depends upon the 
position of the glass paiallelopiped, <ind is piecisely that of the 
colouis obtained diiectl}'^ without its intci position, when the 
pimcipal section of the rhomboid of calcaieous spar is bi ought 
to the same azimuth* 

In thus modifying by double total icflexion the polari zed light 
whicli has traversed oil of turpentine, the effects of this liquid 
may be combined with those of a ciystallucd lamina cut parallel 
to the axis, in the same mannei as the effects produced by tuo 
such laminse are combined But in order that the addition or 
subtraction of the tints may be effected in a perfectly similai 
manner, to obtain, foi instance, the total disappearance of one 
of the images with a lamina of suitable tliickness, it is necessary 
that the plane of double reflexion should be turned m a ceitaiu 
azimuth depending upon the length of the tube , this azimuth, 
in the paiticular case of peifect compensation, is that which gives 
the same tint as the crystallized lamina. When ilie axis of the 
lamina is to the left of the plane of double reflexion, the lints are 
added , i^hen it is to the right, they are subtracted. This older 
would be inverted with a fluid like oil of cition, in whicli the 
polarizing action is in a contrary direction to that of oil of 
turpentine. 

In the last memoii which I had the honour of presenting to 
the Academy, I described an apparatus, by means of which, with 
a ciystallized lamina cut parallel to the axis, the phenomena of 
colonzation produced by oil of turpentine and plates of lock- 
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cijhlal rut pu illcl to the 'i\i% rouUl be imitfilcd It consisted 
of tno glass pu illclopiprds an ui^ul at iijit angles betnern 
Mbuh the ciystallme laminin us placed so iiml the polaiized 
pencil of li^^hi suflcicd double total i(fl(\K)u on leaving the 
lamina aS on entrimg it but m a plane pcipcndiculai to the 
founei^ both these planes bcnij^ melmed at an nn^h of 15 to 
the avis of the cijstil Ibis system of a ciystallme laimna and 
tno glass paialldopipeds thus aiiaiiged, possesses the sm^uliu 
piopeity^ that it can be tiuned upon its avis bclwcen the tno 
planes of cvtieme pohuization hi r a plate of lock (ijstal cut 
pci pendiculaily to the avis, nithout chan^in^ eithci the mtmr 
01 the intensity of the colouis whilst by \ iijiii one of these 
plums in lehtioii to the othci, all the vanous tints aie obluued 
wlueli undei similu cucumstances aic piesrntcd by pi lies of 
loel ciystal rut pcipcndiculai to the avis and bj oil of tin pen 
tme Mmeovei when the mridciit Iij^ht Imi siiflticd double 
total icflexion in a plane inclined at 15*^ to tint of piimiLivc 
po]an7ation, it is no longci colouicd in tia\ rising this appaintus 
111 whatc\ci s/imuth it may be turned, ind when it suffeis this 
modification on IcaMii^ the appaiatus, instead of lerenmg iL at 
its cntiaiice, it til rs, as docs also the oil of tuipcntinc ni a 
similai case, the same ajipeiuanrcs is if it had been leeeived im 
mediatclj upon the ihomboid of i ile neons spai aflci Icavin the 
ciystalh/cd lunnn 

Lastljj when the inridcut li^hl altci ha\mg been complcielj 
depolaii/ed by two successive icflevums bifou enteun; tins 
ippaiatus IS again at its ovit t\vi(( tolally icflected in a {.lass 
painllelopiped, it i found to b( a^ain biought to a slate of com 
pleti polon/ation, as if Uu appuiatus had not been uf»c(l, oi been 
icplaud by a tube (died with od of tmpciiUne It would appeal 
then iiom these luuneious and vaiud pluenomrna that this ap 
paiatus possesses all the optaal piopeitics of oil of tinpintuie 
llus was also wluit I af hist thought but a nunc ulUntive c\ 
arnmation ronviiutdiiu that a notable difieienre c visted between 
flu sc two 1 inds of pho^nonu na 

IIa\ing plaad a glass paialklopipf d at the evticmiiy of a 
tube 0 ' )0 in lon^ th (ilhd witli oil of tuipciitiuc; so that the 
lajs which tiavcised it sufleied double total icflevion paiallel 
to the piimituG plane of polaii/ation, I caused the cxtinoubnmy 
image, 'which was of a uolet icd, Co disapptai by the infcipo 
siUon of a hmiiia of sulpluUe of lime, about 12 m thick 

YOT V 1 vui wxi J 
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iicsa, which gave neaily the same tint in the extiaoxdinaiy image, 
that lb to say, the evtveme lecl of the aecond Older, oi the Iinrple 
of the thud. But on calculating fiom these data the appa- 
lent lotation of the plane of polauzation of the led lays in oil 
of iurpentme, on the thcoiy ot the appaiatna which 1 have just 
desciibed, I found an angle moie than double that which M. 
Biot had dctei mined by direct raeasuicmont, and which he had 
the goodness to communicate to me To discover what could 
occasion so great a diffeience, I wished to obscivc the sciics of 
coloiiis pioduced by different lengths (fiom 0 to ^)0 ccntimotics) 
of oil of tui pentinc* Having placed the tube m a vei tical posi- 
tion, and fixed the piincipal section of the ihomboid of calca- 
leous spai in the piimitive plane of polaiization, I caused tho 
fluid which it contained giadually to flow out, mid was veiy 
much astonished to sec the extiaordinary image pass through a 
white slightly colouied, and finally airivc at black without show- 
ing at all the led of the fiist oidei. 

It IS sufficiently diffeicnt fiom the icd of the second order to 
be easily distinguished, and by the simple inspection of tho tints, 
it IS easy to obseive that that which coiiesponds to 50 centi- 
meties ol the oil of tm pen tine is not of the hist older Besides, 
what still better detei mines its lank, is the thickness of the cry- 
stallized lamina which causes the extiaoidinaiy image to vanish 
It may be objected,peihaps, that this disappcaiancc only taking 
place when the glass paiallelopiped is used, it is possible that 
double reflexion may altei the tint pioduccd by oil of turpen- 
tine, and cause it to descend in the older of the lings. But, 
in the fiist place, on examining at the same time tho direct 
and the leflectcd images, one must be convinced that their co- 
loui is absolutely the same, secondly, expeument and theory 
both show that double reflexion, at the mcidcnco which produces 
complete depoltUization, modifies all the rays in tlie same man- 
nei, and that, if it changes, in gencial, the mtcival which sepa- 
lates two systems of waves polarized in contraiy planes, tins 
change for each kind of lays is piopoi tional to tho length of their 
waves; so that it can neitUei raise noi lowei the tint, the rank 
of which solely depends upon the iclation of the constant pait 
of the inteival to the lengths of the chffeient luminous weaves. 
Theiefoie it lemains eonfiimed that the extiaordmaiy image 
passes from black to the red of the second order, without passing 
thiongh the icd of the first 
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Ihis succession ot colomsj so odd m tippeaiance and so op 
posed to that obsei\ed m leflucted may be explained in a 

vciy simple manncij, if Me admit that the double lefiaction m 
the oil of tuipcntine is not the same fm lays of difFcient kinds^ 
and that it is stiongest foi those Mhose waves aic shoitest 
It is knoMU that the double icfiaetion of the violet lays m cal 
caieous spai is moie mailed tlian that of the icd, it is pro 
bably the same m othei ciystals^ but these diffcienccs aio too 
shglit in 1 elation to the diffeience of veloeity between the oi 
diuaij and cxtiaoidmaiy i ly It is foi this leasoii that we have 
supposed until non that the inteival nhich sepniatcs tw o systems 
of Ma\C8 Mas sensibly the same foi lays of \ uious colouis But 
Mhen the double lefiaciion becomes cxtiemcly feeble, as in 
oil of tmpcntme, Mheic the velocities of the oidinaiy and extia 
ouUnaiy lays scaicely diffci by the one millionth, it is vciy pos 
siblc that the dispeision ol the double lefi action (if I may so ex 
pi ess myself) becomes a considoiablcpait of the double ichactiou 
itself It would icsult from some appioxmiatnc mcasuiemonis 
to be mentioned in the sequel of this memon, that the doubU 
refi action of the extieme violet la^s ought to bo about one and 
a half that of tlie extiemc led lays Ihis hypothesis docs not 
appeal to me impiobable oi c\cn eontimy to analogy, Mhieh 
ought not piopuly to be stietched to itsgicatest length, and in 
adopting it Me aie enabled to iceounl foi that singulai anomaly 
of Mhich I hive just spoken, uud Mliieh without it appeals to 
me inexplicable 

It 18 easily conceived that the intcnal betMcen ibo tMo sy 
stems of waves being no lon^^ei the same foi all the lays, as in 
the phtenomenon of colomed oi lu that piestnlcd by thin 

ci>stalline lamine, but changing Mith the length of the lunn 
nous waves, the suceession of the coloms may be quiU dideient, 
as this inteivul is so much the gieaUi in piopoiLiori as ih( Mavos 
aie slunt mIucIi alteis doubly (ho lelahon between its length 
and that of the luminous muvis Hiuh mo aiuvc at llu lecl of 
the second oidci, mIicu tin intdval between the Imo systems of 
i(d Mavos has not >et exceeded that winch Mould pioducc Ihc 
led of the fiist oulei, il it Mcie the same m the lays of diffiicnt 
colouis 

llns hypothesis enables us to apply to the polaUisation exei 
cu ed by hoinof ( ru ous thuds, the tin oiy which 1 set ioi tli in i he 

1 2 
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2 )rece(liiig memoir in exiilanation ol the colouis jiioduced by 
Cl ystalline lamina? placed between two glass jiaiallelopipcds at 
light angles to each other. It is natuial to think, from the inti- 
mate relation which exists between these two classes of pluc- 
nomena, that they lesult horn the same gencial modifications 
communicated to the luminous rays, and that the diffcience 
winch they present in the succession of the colours is alone duo 
to the double i enaction not being the same foi the difleieut lays 
in the fluid pai tides, w’heicas, on the contiai}^, it is sensibly 
the same ni the cij^stalline lamina. 

It IS evident that the cause of the iilimnomena of coloiiiiation 
to which they give nse must be soiiglit for in the individual 
constitution of the pai tides, as they aic entirely independent of 
tlien auangement, and yet at the same time so depoiulcnt upon 
their foini, that, to use tlie expicssion of M. Ulot, according to 
the natuie of the fluid the light is tinned fiom left to light, or 
fiom right to left, I shall suppose thcicfoie that tliey arc so 
constituted as to jnodtice in the luminous lays whicli ti averse 
them the inochfications which they undcigo in the apiiaiatus 
that I have just described , that is to say, that the light on enter- 
ing and on leaving each paiticle undergoes the same modifica- 
tion as that pioduccd by double total reflexion, and that it suf- 
feis, besides, double i eh action within it. 

I shall at fiist show, as the lesult of this hypothesis, that the 
jays which have been oidinauly oi extraordinarily refi acted m a 
paiticle thus constituted always suffer the same lefraction in the 
pai tides of the same natuie which they successively travel so, 
whatever may be the azimuths of then axes. 

Let OO' be the piincipal section of the 
fiist paitide, RW and TT' the two planes 
Nvhich coi respond to those of double le- 
flexion in the apparatus, and w Inch I shall ^ 
call the plane of enh ance and the plane of 
exit ^ these aie, by hypothesis, pci pen- 
cliculai to each othei, and mdmed at an 
angle of 45^ to the pnncipal section. Let 
0, 0'l be tile principal section of the second particle traversed by 
the pencil of light, RiU^j and the tw^o planes in which it 
suffeis, at its entiance and exit, the modification just spoken of. 
It consists, as wms seen in the foregoing memoir, ui each yiimcd 
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of light being divided into t\Ao systems of poKiizcd \\avcs^ the 
one paiallelly^ the othci pcipcndieul uly to the plme^ the fust 
being a quaitei of an undulation behind the second 

Let ns considei that pait of the incident lay \\hich has been 
oidmaiily lofiacti d m the fiist paiticlc and thus pohii/edm 
the ducciion of 00', mid let us icpiescnt it by 0 On. leaving 
the pm tide it dnides itself into two systems of polmized iiavcs, 
the one paiallcll} the othei pcipcndicuhily to 1 1' the intcusi 
ties of which, as also the lehtnc positions, aie lopiescnted by 
the follonin^^ cxjncssions 

V-j «. \/!o 

O 1 O 11 

In fact, as I obseived in the picccding memon when a system 
of Ma\es IS thus decomposed into two oLhexs, the veloutics of 
the molecules of mthei, in thou oscillations, aic not piopoztioniil 
to the squaic of the cosine and sine of the angle OGl but 
simply to the sine iiid cosine , so tint it is not the. sum of the 
\cloGities which IS constant but the sum of the squues of the 
velocities this IS a consequence of the pnneiplc of tlie con 
seivation of Iivin^ foiccs in thenbiations of clastic bodies 
By ilic action of the plane of cutiancc 11^ B/ of the second 
pailiclc each of these pencils of light divides itself into two othci 
systems of waves mal ing in nil foiu if the an^le 000, which 
the piincipal section of the second pm tide makes with that of 
the fust be lepiesintcd by p, the inteiisdics of then vibiations 
w ill be — 

\/" \/l coaj) \J 1 cos/; Oj, sm/; 0 

O 1 111 Oil, O 11 11, O 11 1,' 

In vntue of Uic double leliaelian of this pailick inch of those 
pencils divides itself a^am into two, polnu/(d, painlielly mid 
peipendienltuly to the pi me 0;i^ Ihe inUnsitics of the sy 
stems of waves oidmanly lefi acted in tlu second puiLielc will bo 
lepicsontcd by the following expiessions 

1111 
|-sinjp O4 \ -tofip I -CO87; 0^5 — -smj?; 0 

O \ O I Jj O, OB Bj Oj O 11 1/ 0/ 

Adchn^ the expiessions which ha\e the same chancteiislie. 
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aD(l recollecting that the ^ in the cliamctenstic is cquualent to 
the sign mmus^ we obtain, — . O and cos p , But ilie 

lesultant of these two systems of waves diffeiing by the quaitcr 
of an undulation, is cos^;;, or O. Hence the 

waves aiising fiom the oidmaiy lefi action of the fu^t jiaiticle 
suffer ordinniy lefrnction in the second, because, both in tlio one 
and the other, the pnncipal section is tuinccl towaicls the same 
side as legaula the plane of entrance. 

This punciplc may he furthei \erificd by calculating the in« 
tensity of the polarized light in the plane peipcndicular 

to the piincipal section O, OJ^ Wc then obtain for the four 
constituent pencils, — 

-i8in;;.Oj, oi +-|sinj^ O, +-^co8;) O^, 

O.T Ilj.Ei'. O T.T,.E,'. 

~^cos7;.Oi, -^siivj.O. 

O U R,.E/ O.Il.T/ E,'. 

The expressions having the same chainctenstic are equal and 
of contiary signs, so that these four systems of \^aves mutually 
destioy each othei Thus no one of the oidmary lays issuing 
fiom the first paificle can suffer extiaoidinary lefi action in the 
second, If the latfcei be tuined in such a manner that tlic plane 
of exit becomes the plane of entiance, it is evident that it will 
I still be placed upon the same side in lelation to the pnncipal 

‘ section, and consequently the lays will stiH be lefvacted in the 

same manner. 

It should be noticed that the calculations which have just 
been made, and the lesiilts to uhich they lead, me independent 
of the lelations of intensity of the double refiactions exercised 
by these particles, and that we have only supposed them to be 
constituted m the same manner; that is to say, that ilicir axes 
weie turned towaids the same side in i elation to their plane of 
enhance Hence, uhatevei may otherwise be their inclinations, 

I 01 even wliatevei the nature of the pai tides successively tin- 

versed by the incident light, the lays which have in the fiist in- 
stance suffered ordinaiy oi extiaoidinaiy lefi action continue to 
undeigo the same kind of lefiaction throughout the whole extent 
, of the fluid. The hypothesis which we have adopted will ex- 
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plain (\^lnt at ftist nppeais clilliciilt to conccnc) how it happens 
that the double icb action CKuted by pu tides so lue^ulnily 
auanged docs not give use to inoie than two systems of lunii 
nous ^vaves m the fluid 

When li IS homogeneous, the cftects piodurcd by all the pai 
ticks axe added, and the mteival between the two sj stems ot 
waves ought to be inci eased m piopoilion to the length of tin 
passage Win n the fluid is composed of tw o diflei enl 1 incls oi 
pai tides, the axes of winch howeaei aie tuiucd in the snne 
mannei with i elation to the plane of cnti incc, then elleets lu 
added if in botli it is the same icfi iction th it is the most lapid 
and they aie subti acted on the coiitiaiy, if the most i ipid le 
fiactions aic of opposite n ituies Ihc invcise tal es place w hen 
the pai ticks have then axes tinned la conti ay dncetions lela 
tivcly to then planes of cntiancc 

It IS 111 ewisc seen that the mivtine of any luiinbci of fluids 
of diffeient kinds, the pai titles of whieli aie thus constitiifrd 
ought to pioducc the same efFcci upon light is that^ihicli it 
would suffei if it tiavcised sucecssuely these diflcicnt fluids 
Ilenec the pioblem m this geneial case in ly ilwaya be icductd 
to the paiticulai case of a hoino^^cncous fluid 

In the picccdmg memon in cxpl lining the theoiy of the aji 
paiatus wlneli I take heie as i model of the constitution of Ijie 
pai titles I showed that the intensity and the [losition of tin 
diircieiit systems ot waves whicli it pioduccd united in any pi me 
of polaiization whalcvei, an independent of the a/inmth in 
which the ajipaiatus is dncctcd and only dcpi nd upon the mu 
tual mclmation of the two extieme planes of polaii/ulion We 
may then suppose all the pai ticks of the fluid tmnod in such i 
rnannei that then pimeipal seetions uc puallel to euh otlui 
then, if one of these pn tides is eonsidcK das compused hi tween 
two othcis its plane of entiance u at light angles to llie plane 
of exit ot the one which pieccdes it, and thus c luscs to disappi in 
the quaitei of an undulation diheicnee pioduccd bv tlu lattei 
In the same mannci its pi me of ( \it is at n^^ht angles to the 
plane of entiance of the following pai tick, wlndi d(sUo 3 S ion 
sequenily tlie modifieation which it had eomnmiiicutcd fo the 
light ihiis all the mtei mediate planes of cntiancc and of exit 
may be put out of -view, icseivmg only the plane of cnii nice 
of the hist putidi and ihc plane of exit of the hist It is then 
evideni that the foniuila w Inch I hue cakuliicd foi tlu iippa 
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i itiib IS ^ppliLiible to the fluid If, then, o and e icpiesent tlie 
numbers of oidmaiy and cxti aoidniaiy undulations in the fluid, 
and ^ the angle \^hich the piiinitivc plane of polaiization makes 
with the piincipal section of the ihomboid of calcaicous *^pai 
that selves to dcvclope the colouis, we obtain, ns a genci xl cx 
piession foi the intensity of tho luminous vibiations in the oidi 
naiy image, 

F y/-^+*icos [22 — 2 9 r(<?'^o)], oil’ cos [2—71 (e—o)], 

F being the intensity of the incident pencil, and foi the cxtia- 
oidinaiy image, 

F sm [2— Tj* (e— 0)] 

I hose foimulm have been calculated foi the case \n whicli the 
axis of the ciystalline limina mseitcd between the two glass 
puallelopipeds was to the light of the fiist plane of double le- 
flcMon, they apply consequently to those fluids the pai licks of 
■winch have then piincipal section to the light ol then plane of 
entiancc In the ojiposite case, the foimul e become 

F cos [2 + 9r (fi— 0)] foi the oidinaiy image, and 
F sin [i + TT (e - dy\ foi the extiaoidmaiy image 

M Biot obseived that the angle thiough which the piincipal 
section of the ihomboid of ealcaieous spar must be tinned, m 
oidci to cause the disappeaiance of the same kind of lays of the 
cxtiaoidinuy image, was piopoitional to the lengtli of fluid tia 
seised This lemaikablc law is an immediate consequence of 
the pieceding foimul<n In leahty, the kind of lays m question 
would cease to exist m the extiaoidmaiy image when wc ha\c 
« ± TT (e““0) = o, Ol 2 = + TT (e— 0) , the uppci signs eoiiespond 
to the case in which the pai tides have then piincipal section to 
the light of then plme of entiance, and the lowei signs to the 
emitiaiy case But e and 0 aie piopoitioinl to the distance tui 
veiscd in the fluid, consequently the angle i must also be pio 
poi tional fco it 

If it be supposed that e 0, the fust value foi 2 will be posi 
tive and the second ncgxlive Ihe angles having been leckoned 
liom left to light in the calculations, we must conclude fiom 
these values foi 2, that in the fii^t case the hgixt lotates fiom 
left to light, and in the second fiom light lo left, using ihe lan- 
guage of M Biot, winch is the simplest mode 01 expiessing the 
appeal inces of the phomomcnon If, on the eonfi xiy, w e suppose 
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c ^0) the light \m11 1 evolve fiom left to i^Ut \^hcii the piincipiil 
section of the pai tides is to the left ot then plane of ontiancc 
mcl fioin light to left ’s^hen this plane is to the left of the pun 
cipal section 

It IS clem fiom this, that wlicu polaii/id light tuivcisca sue 
cessively tuo fluids which cause the li^^ht to lolatc in contioiy 
diiections, the eflects pioduccd by the one upon each kind ot 
lays aie subtiaeted fiom the eflects pioduccd by tlic otlici so 
that with homogeneous light the extiaoidniniy image is made 
to disappeai completely, by lengthening oi shoi U one of 
the tubes But it may happen with while light th it tins com 
pensation is impossible, if, foi instance, the \aiiatioiis of the 
double left iction of the diflcieni lays do not follow the s'lme 
law in both fluids foi then the i elation of the lengths, whioh 
pioducc exact compensation foi one species of inys, would not 
pioducc it foi anothei 

lo complete the thcoiy which 1 hme just set foith theie le 
mam to be explained two pb uiomena dcsciibed at the com 
mencement of this mcmoii When polau/ed light has suflcicd 
at an azimuth of 45 , the modification pioduccd by double iotil 
leflcxion bcloic tiavcising the oil of tin pen tine, it no longei 
gives use to colouis ind when it only undeigocs this modih 
cation aftei paasin^ out of the tube, the tints ot the two images 
leinam constant duiing the lotation of the ihomboid ol ciilca 
icons spai with which they aic obseivcd and they only vaiy m 
intensity in passing into peifect whiteness, us those ol the ciy 
stilliuc Inminae tut paiallcl to the axis 

llie cause of the hist ph enomenon is vuy simple the light 
then undeigocs only one 1 md ol icfiadion m the liquid In 
fact, we In\e seen that the lays pohii/ed pauillclly oi pcipcu 
diculaily to the piincipal section ol a pin tale, aftei having sul 
feicd, on leavin^^ it, the modification in question, can only im 
dcigo a single 1 md of lefiaction m tlu follow paiticle ihc 
pohui/cd light, thus modified, ( an only be lefi acted in one single 
mmnei lu the oil of tiupentiric, and ought to pioduce, conse 
qiieiitlj but one single system of waves 

I un now about to eonsidei the case when the light only 
undeigocs this modification on leaving the tube Tit PP' be 
the pumitive plane of polaii/ation Wc ha\e seen that the 
letion of the pai tides upon the luminous vibiations was always 
the same m whitcvci izimiilli then axes weie tinned Wc 
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may consequently suppose all then piincipn.1 sections inclined 
at sn angle of 4o^ to the plane of piumtive polaxizationj so 
that then planes of entisncc oi of e\it coincide ^mUi that plane 
1 shall suppose^ foi example, that they aio the pi nies of cn- 
tiance Having thus tuined all the pimcipal sections in the 
same duection, ^vc may suppicss all the 
])Hnes of entisnce and of exit, excepting 
the fust and last The hist coincides with 
PP by hypothesis, ind the last, icpic 
seated m the figuie by NN^, is peipcn 
diculai to it Let RIV be the plane in 
winch the light is tuicc icflcctcd in the 
glass paiallelopiped, iftci having tiavciscd 
the oil of tuipentine , let, lastlj, S be the puncipal section of 
the ihomboid of calc neons spsi with uhich the coloius aic 
pioduced I lepiesent the angle PCR by and the angle 
PCSby2 

The plane of cntiance, coinciding u ith that of jnmutivc po 
lauzation, does not modify the light By the double le/i iction 
of the pai tides it is divided into tuo systems of ^^avcs polmizi d, 
the one in the pnncipal section O the otlici in tlie peipcn- 
diculai plane E If F lepiesents the velocity of the ^theiial 
molecules m the vibiations of the incident pencil, then \cloci 
ties, in the oidinmy and extiaoidinaiy waves, ^Mll be 
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0 and c always icpiesenting the numbeis of tlu ouliuaiy and 
extiaoidinaiy undulations completed iii the oil of tmpcnUiie liy 
the kind of lays undei consideiation By the action of the pi me 
of exit NN^ each of these pencils divides itacll into two otluis, 
which gives in all the foui following pencils 

PON POP P E^ N' P F' P 


Ihe double leflexion in the glass paiallclopipcd divides then 
cich of these fom pencils into two otheis, polaii/cd, the one m 
the pi me of leflexion RR', the otliei in the pcipcndiculai plane 
T Lastly, by the iction of the ihomboid of calcaieoiis S])ai, 
each of these eight pencils is dmded into two othcis, poluizul 
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paiallclly and pupendiculaily to the pimcipal section bS' It 
IS sufficient to considei those which conciii m the foimation of 
one of the images, the extiaoidinaiy ima^^c foi example Ihcu 
mtensiLics nie lepiesentcd by the following cx^piessions 

P 0 N R S H -^siii? eo5(^— ?) 1 hj 

P O N 1 S +icos? bm(^— ?) 1 * 

P O P R S +<^008? cos(^-~?) 1 \i 

j) 

P O T' S' sin ) sm (*-} ) 1 

P D N' IV S' cos(^-7) h 

P y N' P S' — -icos? siii(e— ?) 1 {. 4 , 

P U P R S +''C 0 $? cos(^-“?) I 14 

P e' P 1' S' — isra» sm(i— ?) r 

Adding the expiessions which have the same chaiacteiistic, 
and obsciving that ^ in the chainctciistic is equivalent to the 
minus sign the eight i^encils aic i educed to foui 
— ^sin? [cos(^— ?) h sm (« — ?)] 1 

-hi cos? [eos(«— ?) I sin(^ — ?)]r^j 
1 

+ — sin? [eos (z — ?) -- sin (^— /)] r 

+ icos> [cos(<— j) — 8 in(i~))] 1 (4 

On inspecting these foimulcL it is seen at once that the image 
passes to white when ^ — ? = -45^, foi then the two last pcneils 
disappeai the intensity ot the light becomes independent of tbc 
cliffcicnce between e and o, and consequently is the same foi 
e\eiy kind of ii)S Ihc coloiu of tho image atlania, on tlie 
eontiaiy its highest dcgiee of vividness when i ^ i is equal to 
reio 01 to 90 that is to say, when the puncipal section of the 
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ihomboicl of calcaicous spar is paiallel oi pcipcndicular to the 
plane of double icflc\ion , in fact, the e^ipicssious in which the 
chaiactcristic is a function of e become then equal to those in 
which the dm actciistic contains o 

It la easy to peiceive also that the lotation of the ihomboid, 
that 18 to say the variations of ought not to altei the natuie 
of the tint In fact, if we consider the lesultant of the two liist 
systems of waves, the vanations of 2 , affecting only the common 
factor cos (t — ? ) sin (2 - ?), cannot change the position of that 
wave, but only its intensity. Foi the same reason, these v<uia- 
tions do not change the position of the wave icsnlling fiom the 
union of the two other pencils. Hence the interval between 
these tivo icsultanta, which alone detei mines the natuie of the 
tint, sufFeis no change during the lotation of the ihomboid 

It is not the same 'svith the vauations of Vy as they affect 
unequally the tv\o fiiet pencils, the one of w’hicli is multiplied 
hy siii^, and the othei by cos?, they cause the position of then 
lesultant to change They likewise cliangc the position ol the 
other icsultant, and in a contiary diicction, m consequence of 
the opposition of sign between the first and the thud ]jcnciL 
But this becomes still moic evident on calculating the total re- 
sultant of these foui systems of waves. The gcncial c\prcssion 
for the intensity of its vibrations is found to be — 

F ^ [cos^( 2 — ?) “ Sln^(^ — ?*)] cos [2? — 2 7r(6> — 0 )], 

F yX ^ cos 2 (^ — r) cos [2 ?* — 2 TT (e — 0 )] . 

It IS deal, fiom this foimula, that the variations of t only affect 
the intensity of the tint'J, wdieieas those of ? change its iiatuie. 
When r is equal to 45°, foi instance, cos [2 ? — > 2 tt (e — o)J be- 
comes cos27r (e— 0 ) J,and the colour of the image is that 

which coiresponds to a change of a qiiaitcr of an undulation lu 

* Tlio maximum intensity of the tint coiiesponds to / ==: j ^ ns lisid been al 
leftdy obseived by *iHnple inspection of the constituent pencil j Tlio loiinnln 
tlicn becomes 

r -y/ ^ i cos [ 2 1 — 27r (e — 0)], 01 1 *' coa [? ^ tt — 0)] 

Thus the tmt is pieciaely that whub was obseivcd beloiu the mteiposition of 
the glm,s paiallelopiped, with the same position of the ihomboiil of Lulcjneoua 
spai 


iiOAioGi VI ous ir urn's loj \.iii lu i icnn ni 

the intcival e — o compiisccl between tlu tno sjst( ms oi wn.^cs 
When ? i& equal to zeiOj on the eontiuiy, the lint couesponds 
exactly to the mtcival < - o it is this which may be calhtl tin 
ftinclainental tint Ihc foimula then becomes - 

F + 4 ^ ^ 2 TT — o) 

this IS piecisely the gcncial cxpic^sion foi the intensify of the 
luminous lays in the oicluiiiy ima„c foi the paitieiilui (use of 
a ciystalline lamina the axis of uhieli is placed m an a/imnili 
of 4^ with icspect to the plane ot piinujive polan/ation 

If the double i oh action cxeited oil of fcuipeiUine upon the 
diffeient kinds of lays was sensibly constant as in ciyslals, li 
would follow that we could alwajs exactly conipc^nsatc Llie eihet 
which it pioduccs upon polaiized white light with i cijsLalli/ed 
lamina of piopei thickness, bj tinning the iiaiallclopiped in 
such a mannei as to mal e the plane of double leflcxioii paiullc'l 
to the 25 lanc of piimitivc polaii/ation J3ut wc liave seen that 
tins IS not the case and that it follows fiorn the changes of the 
fundamental tint, that the double lefi action of the oil of tin pen 
tine vanes on the continiy \uy mucli with the leiigtli of the 
luminous wa\es may c\en eoncoivo that tlic law of these 

vaintions may be such as to lendei impossible an exact ( onipcn 
salion in the case of white h^lit 

lo conecive ckaily ilm iiecessai j conditions of this coiniieu 
sation instead of icleiimt, the mteivalb eompiised between the 
two systems of wa\es m the oil of finpcuUne and lu ilu cijslnl 
line lamina to the same unit of length lei us supposi them e x 
piesscd foi cich 1 ind of luminous uncUilalion, m a fnnclion of 
the length of tint undulation It is eleai that, if the (lifici cures 
between the mimbeis which expicss these lelalitnis foi the tube 
filled with oil of tiiipentine aie equal to the difleicncrs between 
the coxiesponding numbcis of the ciyslallmc lamma, ( xiu t < uin 
pensation is possible foi it icsults liotu tins hypofiitsis ihnt 
the iiiimbeis of the civstallnu Inninii aie equal to the numbcis 
of the tube plus a common numbei, which is genei ally a fi a< lion 
Now we may suppieaa all the integci iiiimbeis and considei 
only the lemaming fiacfioig the only quantity which is opposetl 
to the exact compensation Eut, fiom the foi inula — 


1 1 
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WO peiceive that il is always possible, by tho value winch is 
given to Vy to introduce the fi action that is lequisite into the 
paieiilhesis 2 ? — 2 (c — o), and to cause this lust discordance 
to disappear It is this last fi action that detci mines the azimuth 
into which the plane of double i eflcxion must be tmned to obtain 
the complete disappeai ance of one of the images. 

From some expenments of this natiiie, vliich I have not been 
able at piesent to conduct with all the piccision of wduch they 
aie capable, it appealed to me that the condition wliioh I have 
just announced was visibly fnUllled in the oil of iiujientine, foi 
I observed the complete disappeai ance ol one of the images, at 
least as far as I could judge. 

The fiist expeiiment which I made is that which 1 have 
alicady mentioned at the hegmiiing of this memoir. Having 
filled a tube in length with oil of tuipentme, I fixed at its 
posteiioi extiemity a glass paiallelopiped in which the cmcigiug 
lays suffcicd double total leflcMon m a plane parallel to that of 
primitive polarization, then, by placing between this parallelo 
piped and the ihomboid of calcaieous spai a lamina of sulphate 
of lime, about 0'^«^T2 m thickness, and inclining its axis to 
the light at an angle of 45*^ to the plane of double i eflcxion, I 
caused the extiaorchnaiy image, which was violct-rcd or purple 
of the thud ordei, to disappear A lamina of sulphate of limo, 
Qram 12 in thickness, does not quite coi respond to this tint m 
the table of Newton; but, as it Avas necessary to incline this 
lamina a little pcipcndicularly to its axis to obtain complete die- 
appcaiance, I estimated that the tube 0”'*50 in length ought 
to be compensated by a lamina of sulphate of lime, conespond- 
ing to the numbei 21 m the fiist column of Newdon^s fable If 
the lotation ot the plane of polaiization of the mean red lays, 
pioduced by a snnilai lamina compiised between two xiarnllclo- 
pipeds placed at light angles to each other, is calculated, we find, 
by means of the foimula— 

2 = — TT (e — o), 

for the entne aic, 309*^^6. But, fiom the succession of colours 
which oil of tuipentme pieaents fiom zeio to a length of 0’^’^*50, 
we have seen that theie ought to be foi this fluid one undula-- 
tion less in the interval between the two systems of waves. Now, 
one undulation coiiesponds here to 180^ j deducting IBO*^ from 
309°’6, theie remain 129^6, which, divided by 50, give 2^*59 
for the lotation of the lecl lays conespondmg to 1 centimetre. 
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Mai ing a simihi cilculatiou foi the olhei lands oi lays, wo ob 
tniii foi the lolations which they RulTei in tiavusin^ 1 ccntimetic 
of oil of tin pontine, the folloMin^ mimbcis 


Oian^e lays 

2 99 

Y ellow 1 1 } 8 

3 30 

Gieen lays 

3 90 

Blue ia}s 

1 IS 

Indij^o xaj a 

J 9G 

Violet 1 1 ) s 

5 19 


Having fi\e(l a lamina ot sulph itc of lirno, 1(5 in tlucl 
ness, upon a glass puallclopipcd, I placed li at the cxticinity ol 
nil appai itus filled with oil of tiujicntine the leiij^th of uhich 
1 could vaiy li\y a double cxpeinncnt I sought uhit length 
piodnced the moat exact compensation and in hat lunuuth the 
pi me of double 1 cflexion of the painllelopipecl must be placed to 
cause the complete disappc nance of one of the nnnj^cs Ihe 
length I found to be ^ * 03, and the a/nniith about 35 to the left 
of the plane ot polnuaiion ituas tin oidinaiy image winch 
disappeaicd It follows, that to mfci the lotition piodiiced by 
this tube, ^ve must fust deduct 00 — 35 oi 55 , fiorn the 
lotatioii which is pioduccd by tlu hiniiuO'* 1(5 in tluel ness, 
winch IS II I ^ 8 ioi the mean ud i lys We must then, sub 
tiaet an entne nuiulHi of Imlf eucuiufeu ares depending likewise 
upon tlu difhuiue in ihe succession ol the tints pioduccd by 
the 1 umna nul by the oil of tin pontine My appantus not pei 
mittin^ me to lollow Hum fioinO 50 (o 2 01, I calculated this 
immbei lioiii tlu pn ceding (xpeiimcnt b(in sine that I could 
not he hall a (lunmfiuiuc in enoi, and I saw that it was 
neccssuy to deduct thiec hall cneuinfcuneis oi 5i0^ llic 
lotation of the icd lajs pioduccd by ti mismg 2 0] ol oil of 
iuipcntim 1 time foil 5^0 8, divulin^ this (pumtity by 20], wo 
have foi the lo! ition of tlu led lays in 1 centimetK 2 ^ 

Ihis Kbult uceoids v(iy dosdy wiUi tlial obtained by M Diet 
by the actual mcaHiuement ol the angles, at hast if they aic the 
meani^A lays \diieh piedomin itc in tlu li^ht that ho employed 

^ Stmtin^ ii un Lh t-o ilitii a\o iiiul that llio oiduiaiy t nd c\li louhnni) red 
lays only diflu ui llicn Mlouty by tlio oi Iniaiy and cMinoidi 

nniy vJolct ia 3 s bj that tlio double icAaotioii of tbo lod inya is 

ti tlu double icfinctbn 1 1 tbo Molot jn^s ni Mo 1 ]l 
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Making the same calculation 
the follo\Mng angles — 

Oiange lays 
Yellow lays 
Giecn lays 
Blue lays . • 

Indigo lays * 
Violet lays 


foi the other inys, we obtain 

. . B07 

, . 3 12 

3 91 
. . A44 

, 4 H? 

• 5 35 


These lesults diffci sensibly fiom those dcchiced fioin the 
])icvious expel imentj and the bases of the calculation aie in 
fact sufficiently diffeient, for if, by a propoition, setting out 
fiom the data of the second obsei vation, ^^e inquire what length 

oil of tuipcntme ought to be exactly compensated by a lanuna 
of sulphate of lime coi 1 csponding to the numbci 21 of the flist 
column of Nenton^s table, ^^c find it should be O”' 548 instead 
of 0”^ 50 

Notwithstanding the difficulties which arise fiom the groiitci 
length of the appaiatus in the second experiment, and winch 
might bo the causes of cuoi, I am led to think that the losulfs 
which have been deduced fiom it arc more exact than the formci , 
not only because the measurements and observations weie made 
upon Imgci quantities, but also because I attended moie to the 
piccaiiiions which aie necessaiy to approach exactitude. Nc- 
vei thcless, I do not consider even these lust icsults as vciy exact, 
because the appaiatus was not aiiangcd in a sufficiently conve- 
ment mannei foi making bitch delicate obseivations with picci- 
sion*. Befoic having the honoiu of presenting them to the 
Academy, I should have wished to have icjicatcd the expe- 
iiments with a better-aiianged appaiatus, and to have voiified 
these angles by duect measuiements of the lotation in homo- 
geneous light, but other leseaiches oblige me to iclinqmsli 
these, at least for some time. 

I have shown how it is possible to distinguish the different 
phsenomena piesented by oil of tuipentine, in supposing that 
each of its pai tides possesses the power of double iclraetion, 


* It appealed to mo ibnt the tints piodiiceil by llio 2‘n OJI ot oil ol Im- 
pentino ^vero n little ksa feeble than those of the lainmn 0‘n l(j In tuiveisiug 
of this essential oil, polaiizcd light still presents an nnpioctablc eolon/n- 
tion , this appeals to establish n slight (hfTeienco between the plnenomena and 
the hypotliesis of complete compensation by the intciposiiion of a Ininina of 
sulphate ofhmo 
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and impi esses on the lunimous i lys at then uitiancc and then 
e\U, the same modihcalion which thc} aic subjected to by double 
total jcflexion in the intenoi of ti inspaicnl bodies llic defi 
iiilion of these modihcations in the picscnt atitc of the theoiy 
IS suiRcicntly complicated It is possible ho^\c\ci that aflci 
ill the liypothcsis may be inoic simple than it appeals It is at 
least ccitaiu tliat the phmnomcnn cannot be moio simply upic 
sented than by the geneial foimula 

r cos J: ^ (e — o)], 

to ^\hich this hypothesis has led me It sc( ms to me \uy pio 
b ibh consequently that this foimula is le illy the eYpicssion of 
the icsultant of all the \aHOus inovcincnts of tlu hmimous cs 
in the oil of tmpcntine But it is possible that these clemcn 
tfliy movements do not take place pitciscly in the maniKi that 
I have supposed Ilouevci that maj be, thelliGoij uhich Iliavc 
just advanced has the ad\antngo of connecting the coloii/ation 
of homogeneous fluids in polan^cd light uitli the same puna 
pies as those upon which the coloiizution of cijstalhne hninut 
depend it indicates the points of contact in these pli i nomon i, 
which diflbi so miieli in appcaiance and lu this icspect, ji 
appeals to me it may be of some utility to science 
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Memon on MeiaUic liejlcwion. By M J Jaiviin ^ 

[Fiom the Annahs de Chimie et de Fhjnquo foi Rluicli 1817 | 

I N a lemaikablc memoii published in Uio Philosophical lhans- 
' actions <01 Apiil 1830 , Sii David Bicwslei called the allcn- 

I' tion of scientific men to the phenomena pi esented by tlic rcfic\ion 

I of metals ; and ivitbout endoavounng to determine the natuie of 

' the modifications produced on light by metals, he peifoimod 

' experiments which led him to the discoveiy of some isolated 

laws, of nhicli he gave no thcoictical explanation* Hmcc that 
pciiocl, metallic leflcMon has become the object of continned 
lesearches, some mathematical, of which we shall often have 
ij occasion to speak in the sequel 5 the others cxpciinicutal, too 

I I few in number for the complete aolution of the jiroblem, often 

'i destitute of the iicccsaaiy piceision, and employing veiy com- 

1 plicated methods of mcasuicmont It is with the intention of 

1' simplifying these methods and extending these icscaiclu’S, that 

, I have undci taken the following cxpcunicnts* Belbic piocceding 

\ to them I shall recapitulate the most simple and gcuciul laws 

I discovcied by Su David Biewster, 

I, 1. If a lay of light, polaiized in azimuths of 0^ or 1)0^, l)c 

reflected fiom a metal any number of tunes, it always leinains 
' polauzccl in the same plane after icflexion* 

^ 2. Dveiy ray, which befoic icflexion is pohui/cd in any other 

I azimuth, becomes paitially depolaiizcd after having umleigone 

the action of the metal* 

I 3 If we cause a beam of natural light to full on a metallic 

I minor, it is not polanzed by icflexion at any mcidenec , and 

'1 when examined by a polariscopc, piescnls the appeaiances of a 

i| partially polarized lay. Sir David Biewster lias also icrnaiked, 

I and this IS an important observation, that thei e exists a partieulni 

^ incidence for winch the piopoi tion of light polaiizcd by reflexion 

j as greater than for any other ; this incidence has been called the 

' eifiyle of maximum polanzahon. 

I * Tho lulitoi has to acknowledge his obligationa to Alfied W Hobson, II A , 

I St .Tohn's College, Cambiulge, who kindly undcitook tho tianslation oi this 

pnpci * 
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4 When pol ui/cd li lit is icfk ctcd ttc vci d tunes fioiii psisllel 
motulhc niiiiois it the iiicidenee ol m i\imum polaii/ation the 
pohii/ation is testoicd aflu trn C’ven numbci of leflixions 

5 Tinally the ii fleeted beam beconus a^aiii polui/cd aflei 
anevdi oi uneven numbei of leflcMons iindu a^icat numbci 
of incidences dctci mined by \iiwh uhich umaiii to be found 

Since a lay polaii/cd m any plane befoic incidence may alw lys 
be decomposed into two otbcis poluii/ed in a/nnuiliB of 0° oi 
90® \^hieh accoiding to Sii David 13i( wstci^ do not cli nif^c then 
a/iinuthby icllexion the i e fleeted i ay Mil I always be foimul bj the 
supci position of two i lys poluii/ed in those puneipal a/mmtliB 
and its stite of \ibiaiioii Mill be I noMii if mc Iia\e found out 
Iicfoiehancl tlie modifications undcigonc by the component lujs 
dm mg icflcxiou Ihc fust questum tluiefoic to be iinsMticd is 
this What tiansfoimationfl occm, duiing leflcxion in lajs po 
laii/ed in the piincipal nzimutha? 

Nom cveiy polaii/ed lay mIucIi uudeigocs luy action Mithout 
losing its polaiization and Mithout changing its n/imiith enn 
only be affected by ehan^es of phase and vauntionsof intensity 
Mc In\e thcicfoie to examine il these modifications occm and 
sceoi ding to m Int 1 im s they ai e pi odiiccd, loi two i sj s poliii i/ed 
one 111 the a/imiith of 0 and the otlici in tlic a/unutli of 00 
Ihis n the investigation mc ug about to eomiuencc beginniUt^ 
with the deteiinnutum of the mien itus 

I Mcamc of flu InUmilij of I ujht icjlaiod by Mduh 

If we cause lays polau/cd in the a/imuths of 0 oi ol 90 to 
fall on a plate of glnss^ the intc nsitn s of llu uflecti d beams will 
be lopiesentcd by th( folloMin^ foimuh oflusncl — ' 

T /2 V w- (^"^0 /I \ 

sirH(l ) ?) tan (I j 0 ^ 

these foimula veiihcd by MM Ai igo and Bicwstci aie 
iccogniscd at the piosoni day by e\))eiini( nteis they will Sdvc 
us as a sUntmg point foi nKasuun^ the quantities of light Panel 
P leflccied by metals, in oidii to mIiuIi it will sullice to com 
pau P and on on< side and and V on the otliei 

lo nuke this comp n non, hi us pliec m eontaet two plates^ 
the one of glass the othei of metal, so that the two polislie d faces 
may be in the same plam and the two jdatts foim oneieflecting 
amfacc, of Mbieh one pmtion is gliss and tlic otlici metal then 
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icflecfc fiom the middle of this double plate a lay polai 
tliG plane ot mcidence one half of the lay \vill be icfkc 
the glass, the oihei by the metal, botli \m11 lemain polai 
the a/imuth of 0°, and will give oiil} a single imago in U 
a doublj lefi acting pi ism, whose pi incipal section coincicl 
the piimitive plane of polai ization 

But if we tuin this pusm tluougli an angle (|3), \\l sh 
tain one oiclmaiy and one e\tiaoulinaiy image foi each 
tw 0 poi tions of the beam leflectcd by the glass and by the 
hence tlicie mil be foui images, ailiosc intensities will be 

Motal Cilnss 

O J^C08^/3 

E J‘’sm^/3 F^sin^/3 

When (/3) 'vaiics, the oidmaij and extiaoidinaiy imap 
dcigo inveise changes of intensity, and theic is alwa}S i 
onlai aaluc of (/3) which makes the oidinaiy image of tlu 
(qual to the oxtiaoidiiniy one of the glass 
Wc lia\e in this case, 

J^cos (3=:J^^sm /3, 

and icplacing by its value given by PicsnoPs foinuik 


Ps=;tan^/3 


sin 


'Sk-I) 


sm'’ (1 +?) 

If on the contiaiy, wo seek foi the value (/S') wliieh 
the c\tiaoidinaiy image of the metal equal to the ouhrifi 
of the glass, we obtain 

-0 


J2^COt2|8'- - 

sm (] I-)) 


Expel iment will give us tlic vnlue& of {j3) and (/3')j wind 
to be complement'll y, and we shall calcuhte by mtiin‘‘ 
foimulm (2 ) and (3 ) 

It IS moieovei obiious that tins method is applicnbla 
c-ise wheic the light is poHiized in the azimuth of 90'’ I 
muth of equal tints will be detemincd in the same wiy, 
shall obtain 


~ ^tanai+»y 


r2=cot2s'---'^{'^~') 
^tan2(lh?)’ 


only, in the neighboiuhood of the angle of iiohiization fo 
thcie will no longei be any light leflectecl by tins substan 
theiefoie no compaiison possible, liPiice will icsulL a 
some degiees in the expenment 
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Thus Me shall polaii/L the light sueces ively in the plane ol 
incicleuce and the piano poipcndiuilni to it iiid in uid(i to 
obtain tlie piopoition of light icflcclcd in each of these two eases 
by the metallic mmoi, mg shdl turn the inalyaoi until two 
imaj^es of contiaiy namc^ pioduccd by the tMo substanies, be 
come equal mg shall find by tuo distinct obsoi vatious, m Inch 
ouglit to the a/imiiths (/3) and of the pimtipal 

section^ and the intensity of the li^ht leflcctcd by the luclal 
Will be equal to tint icflectcd by the glass multiplied by the 
squaie of the tangent of (/3) 

This method; v\hich in a thcmeiicalpointof vicm is of cvticnio 
simplicity; c innot lead to acciuatL icsults iinhss tlio indcv ol 
lefiaction of ^lass is pcifctlly 1 iiown ; smcc the intensities T 
and of the light icflected by this substance ate luiu lions of 
the incidence and of the index oi i eft action Nom thcic aie two 

methods of ascei taming this latlei quantity the fust consists 
in seeking clnectly foi the index by foimin^^ tlic glass into a 
piism the second in detciminiritj the angle ol polau/uUon (^) 
of glass and putting t ui (^) Unfoitnniitcly^ the tm) mi thods 
h ive given lesults diffciing by a noUblc quauliij , and in mdci 
to choose between the tuo; it must be icincm)>cicd that the pi( 
ceding foimiiUe cinnot be used unless they aic tiiu iii ( acli jiai 
ticidu cast; and pioiidcd tlicj give the intensity noUiiii^ foi 
icflcctcd at the an^alL of maMinuin polau/fiUoii; mIku the 
lay IS polaii/ed pupendicidaily to the plane of incuktHC; vvliicli 
lequiics tint we have tin (i) We initsl thci doi ( ( mploy foi 
the deteimmation of the index (?^), a nuthod Mliith vcuhts lui 
mula. (1)^1 have adopted the following 

fhc two founuIa> (i ) Icid to ii thud; whidi gives us tin value 
of the azimuth of the icflcclcd light; mIicu Uu uicidtnl luy 
is polau/cd at 15 to the phiiu of inculcnu this foimula is tin 
folloMing 


tan A^=: 


oos(l H /) 
cos(l-";y 


a iclation evidently vcuGcd bj the same value oi (;?) m the pi( 
ceding; since it is a cmiscqucnc( ol them and instead ol the 
value of the index of lohnction winch satishcw the humci; vve 
may dettimmc that mIik h agu cs vMth the last Wo obtain sue 
ccssiv ely 
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. cos(l +?) _ 1— tan^ tan ; 

an --- co«(I““?) l-ftaiutui; 

tan ^ tan ; = " • , — tan (15^ — A^)j > (5) 

1 I tan ^ ^ ^ ' 

, tan (15° -AO 

tan i J 

Iheu, the azimuth of poliiization of the mcuhnt light being 1')°, 
the incidence being wo shall mcasinc A^ calculate (/) hy 

meins of the foimula (5) and (/^) by the equation 

llic value of (^) being aibitiaiy, we me at hbeify to c\peiim( lit 
iincki vaiious incidences, and to obtain fiom each evpcumcni 
^ allies of (?^) of which we ahall take tlic me in 1 lu follow ing aie 
some of the icsults — 


InCJclLlRCH 

\ nine i ol n 

BO 

1 1009 

70 

to 

GO 

1 4B9f) 

W 

1 1919 

40 

1 1900 

30 

1 1965 

Mean 

1 4925 


Tina lesult diffeisonly by thiec hundicdthi fiom that given by 
dll eel expeiimenis foi the index of icfi action of glass we shall 
adopt it in the calcul ition of foimulna (1 ), and the siicc css ol oui 
cxpeiimcnts will hcncefoilh depend on the caic with whicli the 
ingles (^) and (^) aic measuicd I shall now entei into some 
details on tins subject 

A hoiizontal cucle having a coppci stand, snjipoits i tube 
blackened in its mteuoi, fixed on tlic ciiclc, constantly dnected 
tow aids the centie, and fuinishcd at its two cxticmities with 
Cl OSS wiies foi the puipose of fixing the diicction of the lueidcnt 
laj Ihis tube caiiies a NichoPs piiam which polaii/cs the 
light, and whose diiection is detei mined by a giaduated veitical 
ciiclc placed on the tube A second tube wlueli icceives the 
icflectcd lay is moveable lound the cucle, and its displacements 
aie nioasuiecl by means of a veinici , the leaccied hglii is ana- 
lysed by a doubly xefiacting pnsin placed at its exteiioi c\tie 
inity, and the diicctioii of the pimcipnl section of this piisni is 
1 nown b} means of a second ^eltleal cnclc fixed on this move- 
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nblo tube At the cuntic of the liou/onlul ciiclc is a i^ble, on 
which the double plate is adjusted vci tic illy m sueli a iiosition, 
that the line of sep nation ot the two siibsimccs rests on the 
exact ccntie of the appnialus tins table is moveabh lound 
the cent! e and an alidade/ uhieh tuivdsis the liinl) ot the 
giaduited ciiclc, allov\8 of th( mculenccs being viuud and 
me ismed 

Ihe veiticality of the double plate biin^^ an indispensn])le 
eonditioiij it was at fiist endeavouied to be aocomphslied by 
knoun incthodsj and attcnvauls was veufied by polaii/ing tiu 
light in the piineipal a/imuths, and obsciviug that tlic ijolaii/a 
tion lemained lectilmeai aftci leflcxioa fioin the metal, md (hat 
the a/iinuih was not allcied by tuininj^ the leflecting siufaee 
Unoiigli 180 In addition two sciics ot ol)scnatious have 
alwajs been made, the icfleeting suifacc being placed on tlio 
right and left ot the obscivci altci natoly, m oidei to coiuet 
eiiois aiising from a want of veiticality in the double plate 

The ineidcnccs weic ineasiucd, both by the deviation of tlu 
leflccted ray and by the displacement of the plate the angle 
(/3) was ascei tamed with gieat piecision m fact, the case with 
which the eje can judge of tlie equality of two lights of ihe 
same tint is well I nowii and I found that a little jnmUee 
icndeis the sensibility of this oigan tiuly icmail abli Ihe le 
lilts of cxpei uncuts made undci tlu same ciicuinaianccs never 
diflci by more than fittcen minutes and il gieutoi mois aie 
committed, it is because the points used loi disimgiuslnng 
{points dc 'lepbc) whcthci iox the moasme of mudemes or foi 
the position of the planes olpolaii/ation, au not always obtained 
with so gieat an accuiacy T et it be observed nioi cover that 
in each quadiant theie me two migks (P) and /3, whuli 
lendei the oidmaiy or (xtiaoulinaiy iini^e o( the melal cipial to 
the extmoulinaiy oi oidinaij ima^^e ol the glass, each loBiil! 
tlieiefoic has been concluded tiom eij^lit olrseivitions 

In all iny experiments tin light was supplied by a C uieel 
lamp, placed in a closed box nt ihe focus ol a kns winch nil 
dcied the rajs pmullcl, so thal the opciaiioiis weic conducted ni 
the most complete dail nesa the light (inplojed was very in 
tense, and alvvajs precisely the same, rt was made sensibly 
homogeneous by a red glass ol gieat iluci ness chosen with mueli 
care and which, whilst peimittiHf, the tninsmission ol asuflicient 
nuinbci of ia)s to lender tlie ohs(i\aiions eaaj, dimimshed the 
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intensity sufficiently to allow of the peifect polaii/sutioii by Ni 
choirs pi ism 

My evpciimcnts, peifoimed \iith phios of steel lucl mmoi 
metal woW polished, aie given in the following tables it will be 
lemaiked, tint the intensities of the icflectcd light, pol ui/ed m 
the phne of incidence, vaiy little, and tint they diminish pio 
giessively fiom the incidence of 90^ to that of 0° 

If, on the contiaiy, the light is poHuzed in the a/imuth of 
90®, the intensities dimmish fiom the giazing incidence {7asantt) 
lip to the ingle of maximum polauzation, and aftein udsmcicast 
up to the noimal incidence 

Steel — t^quaic loot of the of lujlii 'ieflectcd in Ike 

plant of tncidtnce — 7d 


In (1 ncoa 

A (,1c 

OUB rvcil 

^<|unro root of tl o n tux 
tics ^ 

IhiT rcncc 


/3 

01 r\ c 1 

Cntct lute 1 


So 

18 2 

09.1 

0 077 

-0 020 

m 

62 9 

0 015 

O'M 

-0 009 

75 

50 J6 

0 010 


hOOll 

70 

r>n 10 

0 01i> 


-i-O 006 

05 



0 802 

^ 0 00b 

60 

01 52 

0 897 

0 871 

HO 02 1 

65 

CO 16 



1-0 01 5 

60 

07 67 


0 812 

-0 011 

15 


0 818 

0 827 

-0 OU'5 

10 

71 7 



-0 015 

35 

72 10 

nl[t« 

0 801 

-0 001 

JO 

73 S 

HEM 

wHtn 

-0 006 

26 

73 60 

0 701 

HHH 

4 0 001 

20 

71 20 

0 780 

0 781 

-0 001 

Steel — Squaie toot of the mtensihes of light 

leficctcd m the glme peiqjcndiculm to the 
plane of incidence 

86 

15 13 

0 710 

0 700 

H 0 010 

80 

18 21 

0517 

0 683 

-0 037 

76 

CO 00 

0 500 

0605 

H-O 00 5 

70 

60 16 

0 516 

0 6(>0 

-0 021 

06 

70 11 

0 027 

0 609 

HO 028 

00 

66 

86 10 

OOJO 

0 030 

■ 0 000 

60 

85 1 

0 60(1 

0 081 

-0 015 

46 

82 22 

0 689 

0 701 

-0 012 

iO 

80 33 

0b88 

0 717 

-0 029 

J6 

70 10 

0 711 

0 750 

HO on 

30 

78 10 

0 780 

0 712 

+0 018 

25 

77 20 

0 700 

0 761 

j 0018 

20 

7b 36 

0 770 

0 758 

i-0012 
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Mil 101 metal ' — Sqmie 9 oot of the intimities of light 9 eflecitd 
%n the plane of tncidtnce e j = 7^ 50 a = G 1 


I 1 

A gl 
} 1 

■** 't 

tU i t 

1 ) fir 

01 1 

c 1 1 t 1 

80 

47 38 

oors 

0 )81 

^0 016 

84 

18 1)1 

0 12) 

0 970 

-0017 

8^ 

ro n 

0 037 

0 1(1) 

-0 03 

80 

72 IJ 

00 J 

CK)! 

-0 002 

78 

63 17 

0 U1 

0071 

-0 010 

70 

76 3 

0 070 

0 918 

t-0 00’ 

71 

76 60 

0 910 

0 W1 

+ 0 007 

7J 

67 78 

0 0^6 

0 )12 

-0 000 


68 ol 

0 800 


-0 070 


00 13 

0 006 




02 10 

00 0 




63 3J 

0010 


+O0J7 


61 10 

0911 


+0011 


61 11 

0 800 

0 8J1 

-0 004 


66 10 

0 002 


+0 011 


66 8 

0 860 


-0 032 


60 73 

0 879 


-0 017 


18 10 

0 877 




63 } 

0 880 


+0 011 


ro 10 

0 810 

0S61 

+0 oos 

K 

70 21 

0 80J 


t 0012 

11 

1 71 8 

0 873 

08 i 

H GO 1 

1 

' 71 73 

0811 

08iS 

-G 007 

11) 

7> 00 

0 812 

0811 

-0 01 

38 

72 10 

0 833 


-G 007 

31 

73 4 

0 823 

0 811 

-G 01 ] 

31 

71 7 

0 816 

08»( 

^ 0 002 

U 

73 18 

08 0 

0890 

+0 02G 

JO 

74 6 

081 

08 7 

H noiH 

28 

77 18 

0 817 

0S>1 

1 0 01 3 

20 

71 7 

0 861 

0 8^1 

} oou 

21 

7 27 

0 878 

0 810 

f-Gon 

22 

76 12 

0 867 

0 816 

1 0 Oil 

20 

77 17 

08 8 

0 811 

-jOOll 





j4 TAJMI^ METALLIC UP FLEXION, 


Miiioi-motal — Bquava )oot of the inlemities of light reflected 
peipcndicula) fy to the plane of incidence 


llRU’cllCiH 

jViiftln 
ol 1 1 pel 

8 

SijuRic root 

Bltl 

OltseivLtl 

nt tlio inlcn 

pfi 

Cnkiilatofl 

DtftiicnfPH 

o 

sa 

\l 30 

0 7ijl 

0 800 

0 019 

Hi 

47 33 

0 / 13 

0 730 

-0 031 

8^ 

fiO 6H 

0 097 

0 083 

4 ooii 

80 

ao 18 

0 m 

0 951 

H-O 001 

7H 

r>o 32 

0 0,11 

0 633 

~0 002 

n 

(»» 0 

0 023 

0 630 

-0 00,1 

71 

01^ 17 

0 C)UU 

0 929 

+0 OJO 

n 

09 18 • 

0 078 

0 9,10 

+0918 

70 

73 18 

0 688 

0 9.(7 

4-0 051 

08 

70 3 

0 000 

0 616 

--j-O 020 

60 

79 It 

0 051 

0 650 

^0 0(15 

01 1 

82 21 

0 720 

0 iiCih 

+0 oij.l 

i 

81 2i 

0 701 

0 677 

1-0 021 

m 

fW fiO 

0 810 

0 730 

4 0 080 

18 

fW 11 

0 760 

0 737 

4 0 023 

10 

83 82 

0 801 

0711 1 

4 0 05/ 

4i 

82 16 

0 723 

0 710 

-0 026 

42 

82 90 

0 717 

0 755 1 

^0 OOB 

40 

31 19 

0 703 

0 76! 

4-0 032 

08 

80 23 

0 761 

0 765 

^0 001 

80 

80 31 

0 701 

0 770 

4-0 021 

Hi 

80 12 

0 831 

0 7/1 

4 0 050 

82 

70 no 

0 860 

0 778 

4-0 082 

30 

79 7 

0 838 

_i 

0 781 

4 0 017 




In thefouith column of the picccdmg tables aic given the 
numbers as calculated, between avIucIi and those imnishecl by 
expeiiment there is a satlafactoiy ngiccment * these numbers aic 
given by formnlfle due to M, Cauchy, This gcometci, guided by 
the experiments of Sii David Bicwstcr, has Ueated the pioblcin 
of mctalhc leflexion theoretically, and we shall soon sec that he 
has completely solved it. As his labours on this subject have not 
been published as a aaIioIc, we Ihmk fit to give hcie an absiiaet 
of the theoietical piinciples on which they arc founded, and to 
state the formulae at which he has ai rived. 

When light passes fiom vacant space into a homogeneous 
body, tlicie exists between the lengths of the incident and le- 
fracted waves, a latio which has been named the indete of ref ac- 
tion^ and winch is constant when the body is homogeneous and 
not crystallized. If this body is tianspai ent, the index of i efrac- 
lioii la its sole chai act eristic, and the knowledge of this constant 
is siiflicient to calciihitc m eveiy case the action excited by the 
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biibstancc on but the botly^ icin'imnig homogenooua^ 

becomes opilcj this tlitum is msuihucnt mid the modifiLU 
lion uiulcij^onc l)y the i ly is toniplKated by i ncM inllueucc 
Bodies in faob ncvci being absolutely opal e, give use to le 
fncted Ma\oa ^ihcn they ue stiucl by li^^ht^ only these Mavea 
tuueise but a \oiy sli^^ht thiel ness \>e m ly thciefoie admit 
that they aic lapidly entecblcd^ so as to Iiecoinc insensible at a 
^ely small distance complied \uth the Icn Ih of an undid ilion 
and by icpiescnting tins diminution of entity by a second eha 
iicteiisticj the coeflicient of extinction M Cauchy seems to 
have simply ti an slated into a piinciple tint which has been 
shown to us by cxpciience^ and to stait horn a moat icasonable 
foundation 

fhus^ the foimulae nhich lepicsent theicfloxion incl icfiaction 
of li^ht in tiinspiient bodies depend on one constant only^ the 
index of lefi action^ and loi opalce bodies on two given quantities^ 
Mz the index of icfiaction and the coeflicienl of extinction 
In oidci to deduce fiom obsenation the two constants mIiicU 
lepiesent the action of any metal it will suffice — IsC to deteimiin 
the aUj^le (^i) of maximum pohi nation this is the fust thing 
given 2iub to find out the value, at this incidenoe of the mtio 

of the squaiG loots of the lefleetcd intensities ot light po 

hii/ed in the plane of incidence and the plane pcipcndieulai to 
it and to calculate the angle whose tingcnt is equal to this latio 
tins m^lc which we shall call A, is the seooncl given quantity 
1 he following aie the foimul t ot M Cauchy — J and I icpu 
sent the intensities of the reflected light, pohii/ed in the pi me 
of ineidencc and in the plane peipendieiihu to it, that of the 
incident lay being equal to unity 

P=tan((f> — 15 ), J =:tuii(;s(^‘— J5^) , ((> ) 

43 and X gneri by the foimule 

/ U 

cos (2 e — sin ( 2 eu e tan v 

^ ^ \ (} eosi 

cos n bin (2 ai c tan ) 

(^)lepu scuts the an^jU oi mculence (0) unil( 0 ) aie two constants, 
V and {n) \aiiabl(s whuh me calculated as fiincUons of (/) (0) 
and (h) l)y the following equations 



cot 45=:= 
cotx== 
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COL (2 — e)=:COt 6COS 


^2 aic tail 


am 2 g =: sin 2 ti 



(8) 


TliL con^^tants (d) and (e) aic dcta mined as follows — at the 
angle of maximum polaiization^ the \ ambles U and (/i) h ive the 
paiticulai values 

u=2A, U=:sin tau/j , 


leplace (w) and U by tlitso piitieuhi Milucb mfoiinulic (8 ), and 
(g) and ( 6 ) aie found fioin them these qinntitics being once 
detei mined, the foimulie ) will give the values of (u) and U 
foi each incidence, equitioas (7 ) give (<j>) and (x) 3 and (G ), 1 
and P 

In applying these foimula., it is pciceivod that (J) always 

so small tint we may neglect m the oaknhtions wt ha\c 

constantly satisfied oui selves with this degiot ol apjnoxunatioii, 
aftci having cominced ouiaclvcs that the cuois eomimtied wcic 
less than those of expenmeni 

Whatcvci caie be used in executing the (xpiiiimiits, it ip- 
peusto me impossible to obtain a moic coniiiUte agieemciit 
between thcoiy and calculation than is cxlubittd liy cm tallies 
ilic detcinunations aic, lu fict, liable to sovcuil souiCLSof cum, 
of which some aic veiy senous, and cannot be ontucly avoided, 
uul which the least negligence w ould icndci enonnous and, 
moieovei, the theoieiical foimuK aic calculated by mcansoftw^o 
constants, furnished to 1 s by expeiimoni, and which aic neecs- 
ssiily tainted with exiois which alici all oui icsuUs it is thcie 
fme difficult to nspne aftei a moie peifcct cxpcumcntul veiih 
cation than that exhibited by oui tibles 


II Measu7 c of the Bijfu ( nee of Pkasi 

Wc have now to oceupy 0111 selves with the second tuuisfoi- 
mation opciated on light by metallic leflcxion, I icfei to the 
displacement of the nodes of \ibiation 

I have occupied myself with a paiticulai case of this question, 
and my expeumenis picsented to the Academy of Sciences on 
the Huh of August 1816,pioYe,' — 1st, that a 1 ay polaiizcd peipen 
diculaily to the plane of mcidence is alwajs letaided with legal d 
to a beam polmi/ed in the azmuitli of 2nd, that the diflei 
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encc of phase is uoiliin^ an moiduia of 0 tlial it incieases 
piOj^iessively up to the ya/in^ {lasanii) ineiduiCL oi 90 foi 
which it becomes equal to a semi undulation and that at the 


angle of mn\imiim pohiuition it tal es the value 



llus law ot the vauation ol phase lesulta horn e\peumenls 
made on mctalhc ovules by a piocess inapphcahlc to metals 
but ns tlicse oxides and metnls act on light m the same way^ 
iccoulin^ to the expciiincnls of Sii David niewstci it is incon 
testable that the difteience of phase pioduccd by the icflevioii of 
metnls will vai j m the snme dii ection betw ( en the limits of the in 
eidencGS we shall assume ihoiefoiej thnt loi metals, the tliflcicuce 
of phase between the leflected lays polaii/cd in the pimcipal 
azimuths is nothing foi a noimal incidence, and that it inei cases 
piogicssively at the same time as the inclination of the lay to 
the suiface this geneiahsation of a fact veiificd in a pniliciilni 
case IS moieovei confoimable to the icsult obtained by M do 
S^naimont 

Staiting fiom this law, I shall by a new method find the vnluc 
of the difieience of phase foi pniticulai meidenccs this method 
possesses the advantage of employing nothing intei mediate in 
oulci to modify the phase, and will foi this icasoii bo fiee fiom 
the objections to which the pioccsses hilheito used aic liable 
llic following IS my mode of pioccedin^ 

When we diicct a beam polan/ed in any plane upon a metallic 
miuoi, we may alw lys eonsidei it as loimcd by two \ lya of the 
same phase polauzed m azimuths of 0 and 00®, a/imutlis which 
aiG not alteicd by tlie icflcxion If they be a^am icflcetcd any 
numbei ot times horn minois of the same subslauee paiallcl to 
the foimei, the angle and tlie plane of incidence lemaiiung the 
same, they will undcigo each time the same action on the jiait 
of tlie metal and aftei 2 0 1 leflextons they will iuue 

diffei cnees of phases equal to 2 3 1 w/ times thuf pioduccd 
in them by a single icflovion If then we can find the fiisl, it 
will be sufficient to divide them b} tlu numbei of leflcxions to 
obtain the second this detcuniintiou will he veiy easy m eeilnin 
paiiiGulai cases 

We know, in fact, by the expeuments of Sn David Blew stei, 
tliatnftei havin^^ been leflected seveialtmes by a melnl, the lay 
has acquiicd a pohiJ/ation,gcnci illy tlhpiieal, but winch becomes 
lectilmeai foi ccitain putioiilai ^ allies of the angle of nicidence 
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these values vary with the numbci of rcfleMons , {incl ex|)eunient 
shows, that of them theic is one foi two lefloxions, two for tince 
icflcxions, and ni gcneuil a numbei equal to the iiumbei of re- 
flexions minus one, Sii David Biewslei docs not seem to liavc 
lemaiked this lelation bet\\ecn the numbei of lefiexions and 
that of the angles ot icncucd polaii/aiion. It is a veiy Rinqilc 
consequence of the mannei in which the diiliMoncc of phase 
vaiieSj and the leader will shoitly be able to iceoguise it; for 
the moment we content oiu selves with pointing out ibe use to 
he made of tins fact. 

In oidei tlml two la^s poLnized at light angles, ^^hose pliases 
diffei, may, on inuiing, coi/stitutc a poLni/od beam, it is neces- 
smy that the clifTeionces between then phaacs be equal to 


X 



Theiofore, if the polaiiyation has again become lectihnoai aftoi 
a certain numbei ofieflcxions cllectcd at the sumo incidence by 
the same mctnl, it is because the difleicnce of phase oi tlie two 
icctangidai rays has become equal to a multi|)leof a &cmi-undu« 
lation, and the whole question is icdiued to finding this mul- 
tiple, Now this IS veiv easy. Wo Know, in fact, that aftei a 
single reflexion, the difference of phase goes on lucicasing fiom 
the incidence of QP when it is nothing, up to that of fiO"; Ihcic- 
foic, for the angle ncaiest to 0^, which will icstorc the polaiiza- 
tion after (w^) lefleuons, the diffcicnco of phase will be th(' 

smallest multiple ; for that which comes aftei, *2 - , and so 

on to that nearest to 90" whcic it \m1I ho (?»— 1) ^ Therefore 

wQ shall have for a single leflexion at the Stinie angles, ih(‘ io!- 
1 owing values of the diffcicnce of phase ; 

i i ^ b. 1 b. ^ 

m 2^ m* 2^ ni* 2 * * * m * 2' 


The diffci cnees of phases will be cxpiesscd as a function of 

— by a fi action — , {v) taking all integei values fioni (1) up to 

(w — 1), in repie&entmg the number ofieflcxions 

It follows fiom tins, that [m) and (ri) vaiymg, the same value 
of the fi action will be rcpioduced fiequently for different uum- 
beis of leflcxions * thus, after 2, 4, fi, 8 reflexioua, we shall have 
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the coiiespondnig of lestoied poliu/ ition ought to be 

sensibly equal We sh ill thus obtain mimcioiis vciihcations 
We pcicenc tint it is siifliucnt to mcasuic the incuUnce ol 
lestoied pohiization as to the diiruduc of phase it is not 
measuicd, but is known when the icflcrtcdiaj has iiu hocoim 
jiohuized and the numbci of leilexions Ins been counted It 
must also be leinail ed tint the a/unuth of polaii/iiion of tlic 
incident iiy is any whatcvei the obsLiv(cl incidences do not 
change when it\aiics5 md the poliii/inp piism of Nichol may 
be placed as we please If it be considoicd that it is alw a^ s dif 
ficult to meaauie with piccision the a/imulh of the incKlcnt lay 
and that genenlly the slightest vaintion m its ^alue altcis IIk 
lesults which ue measiued some inipoitaucc will be attached to 
a pioccss which loaves this quantity indeteimnntc which ic 
quues ns an indispensable condition onlj the paiallelism of the 
plates, and which measiues only one thing the angle of incidence 
of lestoied pohiization lliis piactical simplicity will ( oiidiict 
iis to lesults of gieai accuiacy 

lo obtain multiple lefleMons, it is sufiicieiit to phcc two nm 
101 s of the substance to be evamined pai illcl and opposite to 
each othei light is to be made to fall on one ol them^ which 
will be leflccted fiom the second come back on the fust 
The numbei of obscivable icfloxions will evidently dopend only 
on the distance of the plates which ouglit to be \ tillable at plea 
sme The following is the ananj^cimnt wbidi appealed to me 
most commodious -riic two imiiois aic fised with wav on two 
phtes of biass, paiallel and vcitical tho fiisl is lived, the m eond 
IS put 111 motion by a mieiometei scicw which tianspmts it 
paiallel to itself Wc may satisfy oiu selves of the jiaialk libinof 
tliemniois bj bunging them into contact, and noticing il all 
the edges ncciuately comcule Ihis liUlo appaiatiis is pheed 
on the eoiitic of the giaduifced eiiele, of which I Inivc nhoady 
spoken it is placed so that the polished RUifici of tlio lived 
mil 101 passes tlnou^h the eeiitie of Uk eiiek Aftei having 
been icflectod scvcial times between the two miuois, tlio lay 
escapes into the an but then its dneetion piolon^^ed no lon^ei 
passes tlnou^h the cditie ol th( eiicle, and einnot tinveise the 
moveibk tube m Uk du action of its avis lo lemcdy this in 
convenience, I caused the tube to have a lioii/ontal movement 
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of lotatlon lound its suppoit; a dnection may then be given to 
it, in each case agieeing Math that of the lay definitively deflectecL 
If the plates are sufficiently sepaiated, we peicoive the images 
arising fiom one oi two leflexions^ and when the Illinois aio 
bi ought near to each othoi, these images disappeai mg see suc- 
cessively those which aiise fiom leftevions in grcalei luimbci^ 
and can easily count them. 

The polaiization is iievei pei'feclly icstorod when the incident 
light is white. The inequality of action c\ci led by a metal on 
the cliffeient simple rays of the spectrum icndeis the images 
coloured^ and M^e can only obscive the incidence foi Mdueli the 
extiaoi dinary image has the minimum of biightncas ; but it is ob« 
sei ved that this minimum couesponds exactly to the intcimodiatc 
tint between the deep blue and dull puiplc. I contented myself 
in the expenments on the silvex plate with obseiving this inter- 
mediate tint {icinte de and tulwiug for the angle of 

lestoiecl polaiiisation that foi which this tint is a minimum in 
the cxtiaoulinniy image Expeiimciit moieovcr sIiom^s that it 
vanes in tint so lupidly Mith the dnection ot the piincipal sec- 
tion of the analyser^ and that it imdeigoes foi the incidence 
sought, so gicat a diminution of intensity, that the lesults lose 
nothing of then explicitness, even when the number of reflexions 
IS veiy great I have besides made obsei vationa wiili a red glass 
on minois of steel, copper and zme, the lesulis aic rcpicscntcd 
in the following tables; it will be observed that tlic diflbienccs 
of phases follow exactly the laiv of variation Mdncli mo have 
already lecognised in the oxides, and ivhich has been pievioiisly 
announced. 
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Silver Plate (Table continued). 


n 

Incidence** of rcstoml 
posUlon 

DifTcrenccs of iiJmscs 

Differences 

VI 

Obaerved 

Alcan 

Obsened 

CalciilnUfl 


B 

T 

6§ 35 

69 36 

0286 

0 298 

--0012 

A 

67 10 

67 40 

0 272 

0 277 

-0 005 

4 

65 20 1 





s 

S 

65 16 1 

56 20 

0 250 

0 260 


* 

66 16 J 





s 

63 30 

63 SO 

0222 

0 221 

~0'002 

Tnr 

60 30 1 





60 45 i 

60 87 

0200 

0 200 


A 

18 00 

48 00 

0181 

0 177 

+0004 

i 1 

10 36-1 





A ! 

10 38/ 

40 SO 

0180 

0106 

+0016 


43 60 

43 60 

0 148 

0143 


^ 1 

11 16 

11 15 

0126 

0126 


i 1 

39 10 

30 10 

0111 

0112 1 

-0 001 

A 

37 10 

87 10 

0100 

0100 


A 

36 40 

36 40 

0 001 

0 001 


A 

36 16 

34 16 

0-080 

0 082 

-0 002 


Steel, *' = 76 * = 57°*53. — I)iffe}enccs of phases. 


Indilcn 

rcstoi 

polanz 

CCS of 
cd 

Differences of plinscs 


ttion 

Observed 

Calculated 


8 l 

o 6 

0 800 

0 708 

^^0 OOi 

83 

20 

0 760 

0 763 

-0 00 .) 

80 

40 

0 666 

0011 

4-0 026 

79 

00 

0 600 

0596 

40 001 

76 

00 

0600 

0 600 

73 

00 

0 129 

0419 

+0 010 

71 

60 

0 100 

0 392 

40 008 

70 

39 

0 876 

0366 

40010 

68 

16 

0833 

0 320 

H 0 013 

66 

26 

0 286 

0 971 

40 016 

63 

38 

0 260 

0 260 

61 

39 

0 222 

0 220 

--0 001 

68 

37 

0 200 

0191 

40006 

65 

00 

0180 

0 l(i 2 

40 018 

61 

00 

0143 

0133 1 

40010 

49 

67 

0126 

0127 

^0 002 

46 

21 

0 111 

0105 1 

40 006 

46 

27 

0100 j 

0100 1 

41 

63 

0 091 

0 083 

49 008 

41 

13 

0 080 

0 080 i 

38 

69 

0 071 

0 071 



Not only cl 


Iocs M Cauchy’s thcoiy make known the :n tensities 
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of the lefleclcd h^hfc^ it also shoM s that tu o lays of the same phase 
bcfoie incidence polnu/ecl in azimuths of 0° ind of 00^, aftei 
undut^oiiig the action of the metal^ hive a chfiFcicncc of phase 
(o) vuiable with the incidence^ and cxpicsscd by the foimula 

tan d css tan i co sin (9 ) 

(tti) IS found by the equation of condition 


sill i 


It IS by means of tins foimula that tlic numbeis calculated in 
tlie pietcdmg tables have been obtained and the almost pcifcct 
identity of the thcoictical and cxpcumenlal icsiilts can leave no 
doubt as to the acoiuacy of the foimulx of the si ilfiil gcomciei 
In 01 del to show still moie cleaily that the ngicement isas com 
plcie as possible^ we shall obscivc that in the table i dating to 


silvci 


wlieicvei the fi actions 



ha\c equal values^ the coi 


lespondmg incidences of lestoicd polauzation dilTci among each 
otliei by veiy small quantities often insignificant^ and alway^i 
less than tliiity minutes lliesc diffcientcs affoid us^ so to 
spcal p a nicasuie of the eiiois liable to be committed in the dc 
tcimination of the angles and if I add that the nuinbcia in the 
table aic ilio icsult of tiucc senes of expeuments^ pcifoiiucd by 
\aiying each time the a/iinuth of tlic incident i ay tliccnnviction 
will follow that this limit to uioi is imcly uttamed on the othci 
hand; an cuoi of thnty mmutca m tlu detenninalioii of the 
angle pioduccs one of only m the difleicncc of phase so 
tint MG may conclude that is the piobablc limit of ciioi m 
cleteimining the difteiencc of phase 

Now^ if m tlio foiegoing tables the column of diflcicncea bo 
cxamincdj it will be found that in moic than fifty obseivalioiis 
thcic no only Uuce which give adilleicucc of 0 OHj devon amount 
to 0 01, and amongst the icst many no identical, even to the 
thousandth pint the difTeicncc b( tween calcuhiUon and obsoi 
vaUon is thcieloic himied to the eiiois iciogmscd as possible m 
expeiimenl 

At the time when I made these expeuments I was not awmc 
of tlu foimulfc of M Cniirhy and in picscnting my icsults to 
the Academy of Soionns, I hud sought to npicsent them by an 
empiucal foimula, which, although chfrciing essentially fi om tliat 
of M Cauchy, gives tlu inimciical lesults sensibly the same As 
it IS veiy simple and may be cmplojcd usefully in an appioxi 
matue calculation, T sliall gi\( it hcic 

Put tan / — n and sin t r 
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then calculate the equation 

lanA' = "-?i-jL+l) 

COS (1—7*) 

Tlio exptession (90° — 2 A') icpiesents the chfleience of pliiiHCt 
or (S). This foimula apjihes exactly to silver and steel • i( itKo 
represents, willi a vciy satisfactoiy nearness, the follownif^ expr- 
rimenls pei formed on two plates of zinc, on which had be on im- 
piesscd a dilforenl polish in the two series of tiialsto whn'b llioy 
ivere subjected, winch has changed all the lesults niiinoi ii'iilly 
without altciiiig their law. 


First Senes .' — ZmCfti 5 = 77* 


IiilUIouccs 

PlITt n nccs of 

Diftcrcncts 

oust r veil 

C(il( uliitn) 

«!r 15 

0 800 

0 805 

~0 055 

Hi 10 

0 700 

0710 

+0010 

H2 7 

0 flIKI 

0 n()i 

••l-O 005 

K() 7 

0 000 

0 502 

40 008 

77 tio 

OliOd 

o.soo 

7y ;n 

0 100 

0.)'»7 

-1 0 003 

00 00 

0 m 

0 802 

-hO 001 

\U) 00 

0200 

0 288 

002 

02 ^ir> 

0 200 

0 210 

+0 001 

01 iin 

0 222 

0 237 

-0 015 

fiK Ull 

1)200 

0 201 

-0 001 

50 1) 

0 180 

0172 

H 0 008 

52 15 

0 MO 

OMfl 

-0 000 

'll) 57 

0125 

0 154 

-0 000 

47 10 

0 111 

0117 

-0 00(1 

Second 

Hcncs.— 

= 

=7!)'n 

87 00 

0 880 

0 820 

►1-0 001 

80 40 1 

0 800 

0 8L1 

-001.) 

HO 00 

0 750 

0 778 

-0 028 

H5 00 

0 7H 

0 727 

--OOU 

82 00 

0 000 

0 017 

-I 0 010 

81 40 

0 572 

0 584 

-0 012 

82 20 

0 000 

0011 

-0011 

82 15 

0 020 

0 (,0H 

H-0 018 

71) to 

0 500 

0 500 


70 10 

0 121) 

0 jo;i 

-0001 

70 00 

0 114 

0 112 

-1 0 032 

75 00 

0 100 

0 800 

1-0 OU) 

70 5 

0 075 

0J40 

-hO 02(| 

71 40 

o.m 

0 825 

►1 0 008 

00 05 

0 280 

0 288 

-0 002 

00 5 

0 800 

0 281 

+0 000 

00 48 

0 250 

0 250 

00 7 

0»222 

0211 

-0 010 

iii) 10 

0 200 

0215 

-0 015 

58 28 

0 180 

0100 

►hOOM 

50 15 

OMJ 

0140 

-0 000 

52 40 

0 125 

0128 

-0 003 

51 15 

0111 

0117 

-0 000 

48 47 

0 100 

0 101 

-omil 
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in Analysis of Light jyola ii^id elhpiically 

We have ^licady icinail ul tint light, in being icflcclcd fiom 
metal could only suflci alteiations of its amplitudes and chs 
placements of the nodes of vibiation Ihc founula of M 
Cauch} ^\hlch icpicsent A\ith gieat nccumcy the hu^s of these 
modi h cation 8, compnse nil the pimcLples of metallic leflcxion 
we me thcicfoie allowed to ]ea\e to tin calculus thetas! of foie 
seeing the phmuomcaa wlucli uniam to be studied, if Uic} weie 
not niteiesting in themselves, and if it weic not \ci} iinpoilant 
to \eufy the thcoiy even in its consecjucnces With this view, 
wo sliall begin by causing to be icflcetcd a single time fioni 
inetil a beam polaiii^ed in anv plane whate\ci 

It IS known, fiom the e\pciiinents of Sii D wid BiewsLci, that 
light ceases to be polau/cd when it 1ms uiuleigonc tlie action of 
metal, and, according to this theoiy this dcpolanzationi auscs 
fiom this, — that the Mbiations of the ctheical molecules aie pci 
foimed m an ellipse Wc shall endeuoui to vciify this consc 
quence expcnmentally 

In 01 del to define completely an elliptical oscillatoiy move 
ment, the most simple plan is to dctcimmc the dncetion of the 
axes and the latio ol then lengths this wc cun always oireetby 
the calcuhib, but it can also b( done by c\pciuncnt lo show 
tins, we shall now piove,- — 

1st Jhat if an elliptical beam be made to fall on a doubly 
icfi acting piism, whose piincipal section is puallcl to one of 
the axes of the tiajectoij it is clc composed into two lays, whose 
phases diflei by a quaitci of an undulation, and of w Inch one 
has ihc gieatest possible intensity, the othci tlu least, 

2ud I hat if the piincipal section of the piisin is inchucd at 
15 to the dncetion of the axes of the ellipse, the intensities of 
the two images aic equal 

Let «) be the a/unulh ol polai i/atiou ol the incident 
lay, we may icplacc this lay by two vibiations diiccUd in the 
piincipal a/imuths, and whose nmpliiiulcs aic sm a and cos« 

By icflcvion, these vilnationb will bo modified in then phase, 
and amplitude and taking account onlj ol the difleitncc of 
then phases wc shall liave the lollowmg iquations foi expicssnig 
the CO oiclmatcs of the vibiatmg molecules allei icfle\ion 

r I cos cos 2 TT-j , vibiatioii 111 the plane of incidence, 
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2 / — J sui «C 08 ^2 7r^ H- S^^vibiationpcvpcniliculav to plane 

of incidence, To abbievmte^ we shall put 
I cos a 

r=: cot a 4 

J slii a 

and theie icsults, neglecting a constant factoi, 

C08cdCOS2 7r^, 

2/ = «in a cos ^2 TT ^ § 

The elimination of the time between these two equations will 
give the equation to the tiajcctoiy, ^Yhlch is an ellipse wliose 
equation is 

2cosS .05, 

cos^« ain^cos^d 



To obtain at the same time the diicctiou and length of the a\cs 
of the ellipse;, we have only to replace the co-oulinatc axes by 
another system, making an angle (w) with that to winch the 
equation is leferred, and to take the condition that the coonicient 
of {tvy) may disappeai ; we shall then have the equation ol the 
ellipse 

(sin^ « sin^ od + cos® u cos® a) + 2 sin a cos a sin co cos w cos S) j/® 

+ (cos® u sm® CO + Bin® cc cos® co — 2 sm c:^ cos u sin co cos co cos £) a?® 
= &c,, 

and the equation of condition 


tan 2 CO =i tan 2 cc cos 8 (11.) 

This latter gives us the direction of the two axes at the same 
time 5 and leplaclng (co) by its value in the cocflicicnts of j/® and 
0?®, we shall obtain numbers proportional, the first to the axis of 
(^), and the second to the axis of (y). 

We shall put 


1 

A® = sm® oc sin® CO -J- cos® ot cos® CO + - sin® oc sin® cocos 8... axis ofii? 
B®:=ain®i:ccos®co + cos®ocsm®co— i8in2ctsin2cocos8..<axiaof7/ j 


W12,) 


Let us now dnect this elliptically polaiued ray, or which 
comes to the same thing, the two icclangular vibrations (10.) 
upon a doubly icfi acting pnsm, malcing an angle (co) with the ^ 
plane of incidence oiv wc shall have, calling (ij/) the vibiation 
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111 the dneciion of the piuicipal section^ (y^) thnim the diiet-Uon 
pci pend icuhi, 

5= ^ sin CO + % cos CO, 

'if ’^y cos w — fc sm co 
These two vibifttions may be 

^ ^ hi cos ^ y h > 

find hi B'j 8^3 8^' Mill be obiamed accoidiiig to licsnePs lulc 
rhese quantities Mill be 


hl^ =3 sm^« sm w + cos a cos^ w 
1 


vibiation in a\is of 
= sin wcos^fl^ + cos^asin^w 


4 ^ sm 3 a sin 2 «> cos 8 


- sm 2 sin 2 w cos 8 
2 


vibiation in axis of y 


( 1 ^) 


tan ^ = 
tan 8'^ s= 


sm g sm CO sm 8 

cos a cos (0 4* sin <x sin 0 cos 8 

sin a cos cosin 8 

— sin CO cos a 4- sin a cos co cos 


8 


riiose lattci foimiila scivc to calculate the diftcicnce of phase of 
the two lays they give 


tan (8' —8^^) 


am 8 sin 2 cc 

sin 2 CO cos 2 — sin 2 a cos 2 co cos 8 


(14) 


IFmc wish to find the duectioii foi mIiicIi the images aie 
maxima and minima^ we must dificicntiato loimulm (13) with 
legaul to (co) , they give 

— cos 2 ^ sin 2 0 f- sm 2 a cos 2 0 cos 8, 
cos 2 « sin 2 0 — sin 2 a cos 2 0 cos 8 


These two difieiontmls being equal, but of contiaiy sign, mo 
conclude that one of the images is a maximum when the othci 
IS n minimum, and xnca vand and this aviU hold foi the clnec 
tion found by putting the chffuentials == zcio , Avliich gives 

tan 2 0 tan 2 « cos 8 

a lelation identical with that winch gucs the ducction of the 
axes of (he clhps( Ihoicfoie, 
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1st, One of the images will be a maximum, the other a mini- 
mum, if we place the xnincipal section of the analysing prism m 
the cliicction of one of the axes of the ellipse. 

It is to be also lemaikcd that the foimulm (12 ) and (13.) give, 
for and A^^ on one side and for andB'^ on the other, equal 
values, Ihciefoic 

2nd* The intensity of the vibration in the direction of the axes 
of the ellipse is piopoitional to the squaie of then lengths^ 
vdicncc it lesults that, if the puncipal section of ilie prism coin- 
cides with the major axis of the ellipse, the vibration in the dncc- 
tion of this axis, that is to say the vibiation of the extraoidinary 
lay, will be a maximum, the oiclmaiy lay being a niuiimum. 

If we replace in formula (14.) the angle (co) by the value winch 
gives the diiection of the axes, we find 

tan (S^ — S^^) = 00 01 — 8^^ == 90° , 

that IS to say, that 

3id. Eveiy elliptical vibration may be decomposed into two 
rays, polaiissed in the diiection of two axes, whose intensities nic 
propoitional to the squares of the lengths of these axes, and 
whose phases differ hy a quai ter of an undulation. 

Lastly, if we seek the condition which must be satisfied by 
the angle (w) in older that the intensities of the two images may 
be equal, we must put 

A^2 


which gives 


cot 2 = tan 2 cos 8 = tan 2 w, 

2 = 90° ± 2 

(fif sss 45° -f- CO 


(15.) 


Thus, 

4tli. The two images are equal wlien the direction of the prin- 
cipal section la inclined at 45° to that of the axes of the ellipse 

These lesults may now be tiansfoimed into cxpeiimcnts. In 
fact, to obtain the position of the axes of the ellipse, it will suf- 
fice to find the diiection of the principal section which gives to 
one of the images the gieatest, and to the other the least inten- 
sity j and if we wish to obtain the ratio of the lengths of the 
axes, we must measure the ratio of the intensities of these 
images. 

The first of these questions being the only one with which I 
have occupied mysell, I shall explain how the requisite precision 
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may be given to the cxpeiiineiils It is clcai tint m c\eiy ciae 
wlieie the ellipse is not sensibly a stiai^ht hue the diffeience 
between the maximum and minimum will not be veiy sensible^ 
and tlieiefoie the clucction of the axes will be clifiicuU to find 
But may leplaco this dctcimnniiou by anothei, by cilhn^ to 
mmd that the analysci being inclined at 15 to the chi cction of 
the aves^ the h\o images aie equal \\c shall then dcteimmc 
this lattci chiection , and by inci easing oi diminisliin^ the angle 
found by 45 , we shall have the position ot the U\ o axes 
Butj m oulei to obtun ceitam icsults^ it is absolutely iiceea 
saiy to opeiate with a light icndcicd Iiomogcncoiis by a lecl gins 
well chosen othcivvise the two ima^^cs v\oulcl always have clif 
feicnt tints^ and the pioccss would lose all its accuiacy Let it 
be obscivccl also that theic uie fom clncctiona inclmed at 15^ to 
the axes^ and that foi each incidence may dctcimme the azi 
muths of equal tints (w), 90° 4- co, 1 80° + ca 270° + w These 
diiections being once known, those of the axes will be found by 
inci easing oi diminishing them by 15° 

In the following tables wc have always indicated the a7imuth 
foi which the extiaoichnaiy linage is n minimum, which is that 
of the minoi axis of the ellipse this would be the a/imiith of 
the plane ot polaiization if the ellipse degenerated into astiaight 
line 

On the othei hand the dii cction of the nxes of the ellipse is 
given thcoietically by the foimiila 

tan 2 CO ?= tan 2 u cos 8, 
calling to mmd the equation of condition 

tan hm a 

These two foimulm allow of the angle (co) being calculated as a 
function of «, 8 I and J foi each paiticulai luciclonce, and ex 
penment may be compaicd with calculation 

I have made thicc sciics ot obseivations on mnioi metal in 
polaii/ing light in the a/imuths 20 1 IG° and 71 ° 25^ The 
obseivations lopcatccl scveial limes have always given iiumbcis 
agiccing with each othci, and the mean lesults aie completely 
in acooi dance with the thcoiy, as the loUowing tables show 
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Developing cot2« and u placing [a) bj its we obtain 

2 cot 5 tan 2 i cot a ( 17 ) 

■jcola 

I 

TInsfoimula contains tno uiilcnonn cpi an lilies, and j Mhich 

expel imcnt does not make 1 no\Mi and if we VMslied to employ 
it to detcimme one ot the uni noniis,. it ^^ouUl be ucceHsniy to 
1 now 01 to eliminate the othci But ne aic able, by vaijiug 
the expeiiment a little, to bung tins equation into a much sim 
plei foim, and independent of the iinl nown quantity (S) 

We obseive in fact^that of the tno angles (a) and one is 
aibitiaiy Up to the picscnt time we have pohui/ccl the Ii^lit 
in an azimuth (90 — a), \ilucli nc uoic at hbcity to choose at 
plcasiue we caused the doubly lefi acting piism to be tiuacd 
so as to lendei the two images equal, and uc ineasmcd tin a/i 
muth (w') We may now do the contiaiy , that is to say hist 
place the doubly icfi acting pi ism in an azimuth (w% constant 
foi all the expeiiments, but any wliatcvei iuiii the polaii/ing 
in ism of Nichol, and mcasuie at each inoidciice the azimuih 
of polaiization (90 — a) foi uhich the tuo images me equal 
Amongst all the values uhich I might give to (oj') I choose 
= 0 that IS to say I pi ice the xmncipal fic< Uon of the doubly 
1 efi aclin^ pi ism in the plane ol incidence 1 he toi mula becomes 
then 

0 =2 j cot a j 

-j. cot a 

Ol 

j = ian (90^ — a) 

file diffeicnce of phase is then eliminated, and we uiuve at I his 
icmaikably simple icsult — 

aiie latio of the squaic loots of the mlensiiicsof icHcctcd lays 
polauzcd m the plane of inculenco and the piano peipeiuliculni, 
18 equal to the tangent of the a/imuih of tho polaii/atiou ol the 
incident lay, foi which the two images aio equal 

Ihis method does not yield m accuituy to any of those which 
we have descubccl alicady it does not employ, in fact, any in 
%. teimediate body, lequues only a Ringle leflcxioii allows of the 
use of a bimplc light, which lomovcs the liability of euoi ausing 
fiom the unequal lefiangibihty of the lays constituting n lute 
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light ; and finally, it determines the angle sought (a), not by 
measuring the azimuth of polaiization of a lay, which is always 
veiy unccitain, but the azimuth for which two tints aic equal, 
which IS infinitely moie exact and more sensible4 


Muror-mctal. — Ratio of the square roots of the intensities oj the 


) ejleeied light . 


Inculuncca 

Anglea 

observed 

90 — rt 

Jteport (i) 

Jlinoroncci 

Obsen cil 

C nlcultUcd 

80 

6(1 2i) 

1200 

1250 

-0 021 

81 

52 37 

1 567 

1 327 

+0 030 

89 

64 15 

1 113 

1 119 

-0 000 

80 

56 41 

1 105 

1 170 

-0 011 

78 

50 1 

1 183 

1 507 

-0 021 

70 

B6 10 

1620 

1616 

-pO 005 

71 

60 16 

1 107 

1502 

-0 005 

72 

56 37 

1 101 

1 403 

-0 002 

70 

56 23 

1 118 

1451 

-0 003 

08 

64 50 

1 410 

1 121 

-0 002 

06 

54 22 

1395 

1 102 

-0 007 

61 

63 16 

1301 

1 357 

+0 007 

02 

63 22 

Idil 

1 329 

+0 015 

00 

52 21 

1208 

1301 

-0 003 

08 

62 00 

1280 

1275 

+0 005 

50 

51 so 

1201 

1230 

+0 025 

51 

60 45 

1224 

1228 

-0 001 

52 

50 20 

1200 

1200 


50 

40 52 

1 186 

1 187 

-0 001 

18 

40 20 

1 170 

1 109 

1-0 001 

40 

40 5 

1 151 

1 152 

+0 002 

41 

48 48 

1 112 

1 150 

-0 008 

12 

48 20 

1 123 

1 J 23 


40 

48 10 

1 117 

1 no 

+0 007 

88 

47 36 

1 001 

1097 

-0 003 

30 

47 22 

1088 

1 086 ' 

+0 002 

31 

47 6 

1 070 

1076 


32 

17 00 

1072 

1060 

+0 000 

30 

46 48 

1 005 1 

1058 

+0 007 


t shall terminate this chapter by some rcmaiks on the pub- 
lished labours of M de Senaimont [Annates de Chimie et de 
Physique^ 2® sene, tome Kxiii, page 337)^. 

This expeiimenter caused to be leflectcd fiom metal a ray 
polaiized in any azimuth whatever , he leccived it afterwauls on 
a plate of mica of such a thickness, that the two principal rays 
acquiied in tiaversing it, a diffeiencc of loute equal to a quarter 

♦ In the Memon of M do S6naimont not one of tho names of his picdoLoa- 
sois m tins iiiqnhy is mentioned except tlmt ol Mnlus ' — Kn, 
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of an undulation, and he placed the piincipal section of this plate 
in a diiection (co) uhich lestoics the lectilineii pohuzation It 
IS hence deal that the cxpciimcnt amounts to this — ’ 

llie lay elliptically polaiized by the metal decomposes itself 
into two beams polaii/cd m phnes paiallol and pcipendiculai to 
the piincipal section of the tliin plate , the calcuhtion of the in 
tensities and of the phases of these lays has nlicady been pie 
viously effected the chffuencc of loute is expicssed by the foi 
inula 


tan (8' ^ W) = 


sm 8 sin ^ tt _ ^ 
sin 2 w cos 3 « — sin 2 a cos 2 co cos 8 


( 11 ) 


In tiaveismg the thin plate, these tno lays acquiic, m conse 
qucncc of the thicl ness iiavoiscd, a new diftcicncc of ph iso equal 
to a quaxtei of an undulation, oi to 90"^, winch is added to the 
foimci, 01 subtiacied fiom it Now^ in oidei that the polaiiza 
tion may be lestoied it is necessaiy that the sum obtained should 
equal 0*^ oi 180^, which cannot tnkc place unless (y— is 
itself equal to Jh 90 this detenninaiion amounts then to the 
im esiigation of a diiection foi which the two lectnngulai lays 
into which the ellipse lesolvcs itself, have a diffeicnce of lOutc 
equal to a qiuutei of an undulation , this diiection is that of one 
of the axes of the ellipse it is obtained b} putting 

tan (8'— 8'^) = oo, whence tan 2 w = tun 2uQo<^d 
lo obtain the intensities of the icctangulai lays in tlio dace 
tion which wc have found, it will suffice to cdculnie and 
in the foi mill l (13 ), leplacmg (w) by its •value and these niten 
sities will bo piopoiiional to the lengths of the axes 
111 tlie expel iments of M de Senaimont, the diffcienco of 
phase being i educed to /eio and the polaii/alion being lestoied 
by the supci position of two icctangulai lays whose intensities 
aio A!^ and IV\ the azimuth of icstoicd polaiization is given by 
the foimula 

ian/3 = 

Ihus the expciimcnts of M do Sdnaimont mcaaiiic two an 
mulhs — 

Isl Xhe azimuth of the piiiiuptil section of the plate of mica, 
that 18 the diiection of one of the axes of the ellipse 

2nd Ihc azimuth of icstoied polaiization, and ilic tangent of 
this angle cxpusscs tlio latio of the lengths of the axes of the 
ellipse of oscillation 
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It has appealed to me useful to point out the theoietical 
meaning of these two dcteinimitions, mIucIi define completely 
the elhpiical movement of the ctheieal pai tides aftei metallic 
leflexion It would have heen still inoieintciesting to compaie 
the theoiy with experiments, imfoitunalely, these do not appeal 
to be sufficiently accuiate, piactical difficulties, which M do 
Senaimont has himself lecogmsed, imp uiing the obsei\ations 
and icndonng them often impossible 

IV Plmnomena jn esented by mulhphid ? c/le%ions 

Although I have aheady spoken of multiplied leflcxions whilst 
ti eating of diffeience of phase, it xemains neveiilieless to be 
shown, that all the ciicumstanccs of these expeiimcnts aio easily 
foicsecn and calculated this I shall do, commencing Mitli the 
case m which the leflecting sui faces aic paiallcl 
It will be icmembeied that scveial leflcxions, l\ cn oi uneven in 
niimbci, aie capable at ccitain mcidcnces of icstoimg plane po^ 
laiization, it will also be iccollectcd that if the incident lay is 
polaiized m a ccitain azimuth, to the left of the plane of 11101 -^ 
dence, fm example, the leflccted lay icgains its pohui/ation, 
sometimes to the light, sometimes to the left of this plane , and 
lastly, it IS also known that the azimuth of the lestoied lay is 
always less than that of Ihc incident lay Thcic uic then, as 
will be seen, thiee points to be examined in this pliienomcnon , 
namely, 

Ist The incidence foi which the polaiization is lestoicd , 

2nd The direction of the azimuth of the icstoied lay , 

3id The absolute value of this azimuth 
We shall pass these successively imdci icview 
1st We ma} always calculate the angles foi whidi, aftei a 
single leflexion, the differences of phases aie 

Q IL (m — l)7r miT 

^ m ^ ^ 

In fact, the foimulrc foi the diffeience of phases being 

tan S tan 2 w sini<, tan co ^ 

if we lephce successively (&) by the (m+1) pi oceding values 
m these equations, they will make known the {m hi) values of 
(«), of which the fiist is 0% the last 90®, foi which the diffeience 
of phase is equal to the pieceding quantities By icflcctmg 
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Iiglit (m) times at these incidences, the chflbienccs of phase will 
be multiplied by (w) and wdl become 

0, TT 2 7r, Stt, mTT 

llicse Mill theicfoie be { 7)1 hi) incidences if 0^ and 90° bo taken 
into the account, ox (w— 1) between these hmils, fox which the 
polaiization will be lestoicd, and which wo can calculate lioin 
the theoictical foimuhc Wc obsei\e fuithei, that theic cannot 
be moie of them foi in oidei that the polnii/ation may again 
become plane, it is ncccssaiy and it is suflicicnt that the diffei 
cnee of phase be equal to a multiple ol (tt) , since it vauea fxoin 
0 to TT between the limiting incidences foi a single icflexion, it 
will be eompiibcd between 0 and m?raftei (m) leflexions, and 
between these numbcis multiples, only, of (tt) can be 

found Ihcie will thexcfoio be only 1) angles of lestoied 
polaiizatton betw eon O^and 90° Ihese thcoietical consequences 
aic exactly m aecoulancc with facts, the fiisi iioint is theiefoie 
completely disposed ol 

2nd It will not be difficult to foicsce the diicction of tlie 
muths of pohiization 



n A a 


( 

Suppose the vibiation ot the lucidcat itiy to be peifmmed ux 
the duecUou A D xl will bo decomposed into two vibiations ux 
the Iv^o pxintiptil planes A B, A C Aftoi (??x) icflcxious, when 
the polaii/atiou will be xcstoied, the phases of the two compo 
nents will dilfcx by a multiple of a scini undulation , if tins mul 
Uple IS even, the diflcience is a whole iiumbci of undulations 
the Yibxaixons nx( m the same eoiulii ion as il it w ex e nothing, 
Ihoj a^^xce as bofoic leflexion, and then xcsxdianfc mil ho 111 the 
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angle CAB; in this case^ the lestoied ray will be polaiized on 
the same side of the plane of incidence as the incident ray. 

If the multiple ig uneven, the component vibiations have a 
final diffeience of route equal to a semi-imdulation , they aie 
discoidant,and the lestoied vibiation will take place mthe angle 

A' or C A The diiection of its polaiization thcicfoic 
will be changed. 

Thus, foi angles which, after {m) leflexions, will give between 
the principal rays diffeiences of phase equal to 
2A 4A Gh 
2 ^ 2 ^ 2 

the restored ray will be polaiizecl to the light of tlie plane of in- 
cidence, if the incident lay was polarized to the light. 

But if the differences aie 

A 8^ ^ 

2 ' T' 

the plane of lestoied polanzation will be the left of the plane of 
incidence. 

Therefore, for the angle neaicst to 0°, the ])olnrization will be 
lestoicd to the left, for that which comes next, to the light ] and 
so on alternately to the last 

It IS as well to icmark, that these tvo data, the angle which 
lestoies the polarization, and the diieciion of the azinmih of the 
lestored ray, depend absolutely only on the diflcicucc of phase 
of the rays polaiized m the piincipal planes. We shall soon see 
that the azimuth of the restored lay depends only on their in- 
tensity. 

3id, The incident ray being still polaiized in the azimuth of 
(90^-~«), it IS decomposed into two others ^^hose amplitudes aie 
cos a and sin a ; aftei the first reflexion they become 
I cosrt, vibiation m the plane of incidence, 

J sin vibiation perpendicular, 

A second icflexion will cause them to undergo pioporUoual 
changes ; they will become 

P cos sin a. 

They will be finally, after (m) reflexions, 

cos a, and J"' sin «. 

And if the polarization is restored at a ceitam incidence, the 
cotangent of the azimuth of vibiation, or which comes to the 
same thing, the tangent of the azimutli of restored vibration, will 
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be cxpicsaccl by tlic latio of the vibi ition in the pi me of inci 
dence to the vibintion pci pcndicului, and liull have 

. I LOS a . 

cot X r = t -f ) ^ 

J ^ma \j/ 

Ihua lu oidu to obtain aftci (/;i) icflcxions the tuigent oi le 
sloied polauzition at a an^lc^ wl sliould have to calculate 

foi this incidence the latio j laiac this latio to the ?Mtli po^\ei 

and multiply it by the tangent of the a/imiith of the incident uiy 
I ct us level t to a icmaik aheady made the incidence oi le 
stoied polaiizalion depends only on the difhienee of phase its 
azimuth, only on the latio of the intensities loo much im 
poitance cannot be attached to tins ph enomcnon ol lestoicd po 
laiJzation v^lnch is the lesult of two modihcitious in the light 
a change of phase and a modification of amplitude in vvhicli 
theie aie two things to be measiuecl an incidence and an a/i 
muth, \^hich aic sepaiate fiinctionsof the difJcicncc of phase and 
of the latio of the intensities of the piinoipal lays so tint the 
obsenation of the incidences has scivcd us to detcimine the 
phases and that of the azimuths mi*, hi if ^\e had not othoi 
means have led to the discovciy of the latio o( tlic intensities 
Ihis phenomenon thciefoie sufiices foi llu deleimination of all 
the elernenls of metallic iefie\ion 

1 he expel unents of Sii Divul Bioi^stei vciify the consequences 
of the them) loi the paiUculai ease uheie the ineidenco is that 
of maMmnm polaiization on this 8uhj eel J nhall icfd IheKadti 
to the memon of M de lb6iaiinoiit I Innc Ihonglit it light to 
make new cxpeiiments on a metal Intheilo not tned nainclv 
coppci to dctcimine at the same time the ineidonces and the 
a/nnuths of icstoied polaii/ation foi all the numbcis of leflcxion 
possible and to calculate theoiciKolIy tin icsults Although one 
may be sine bcfoichund of finding rxpeiiment and cakulution 
a„ice tins last veiification was not without ds us( 
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Copper — Angles and a^^imnths of 2 ^olarizaiion restored by 
' ' muUijdied ) ejlexions* 


(The azimuth of the incident iny is 4')° ) 


Number of 
rcQcxiouB 

Allele ot Tcstoreci 
polmizntioii 

DifTcjcncesj 

ArlimUh of icstoicd 
pohuizatiou 

niftcienct^ 

Obscrvwl 

( alcubitcd 

Obacued 

Ciileuliitcd 

G 

83 33 

o f 

84 11 

il 

0 / 
10 

-2?» r/y 

0 ^ t 

-0 17 

i 

81 0 

80 62 

-1 0 8 

-30 3 

-31 30 

-1 33 

n 

77 40 1 


+0 1 

-1-29 .W 

+22 {} 

H 0 20 

3 

78 0/ 

/ f ot> 

+0 27 

+32 20 

-I-.I2 .to 

-0 10 

10 

7i 25 

n 42 

*-0 17 

-i-ii fi 

+ 12 1 

-0 56 

2 

70 O') 


+0 <) 

-31 0 

-31 15 

-1-0 1.') 

1 

70 51 


+0 ct 

+ 22 30 

+23 1«» 

-0 16 

6 

70 0 ^ 

7« 0 


-16 0 

-I'l n 

-1 0 15 

8 

00 10 


^0 20 

+ 11 35 

-fid 2H 

+ 1 7 

10 

70 Oj 



— 6 37) 

- 7 0 

-0 25 

10 

Oi 10 

01 28 

-j-0 12 

+ 13 30 

+ 13 42 

-0 12 

() 

00 101 

60 5 

H4) 5 

+21 15 

+25 3 

-0 18 

3 

60 10 J 


-f-0 35 

-33 15 

-31 21 

i -1 6 

10 

57 10 

57 37 

+0 1 

-16 0 

-16 57 

1 -0 57 

i 

55 5 1 

91 

^0 10 

-31 30 1 

-32 51 

' -1 21 

8 

55 18/ 


-0 0 

-1-22 35 

-1 22 12 

-0 7 

10 

10 40 

18 10 

4 l 0 

+23 30 

+23 20 

+0 1 

0 

45 0 

U 56 

.•hO 1 

-31 0 

-33 13 

-1 0 17 

8 

12 10 

43 30 

-.1 20 

-30 15 

-30 27 

-0 12 


The last cxpciimeiils svlnch \vc have to evaminc aio those in 
which the two planes of incidence make with each other a deter- 
minate angle (w). Sir David Biewstci caused tlic light to be ic- 
fleeted from the fiist smface at a determinate and constuni angle, 
then he sought by experiment for the incidence at udiich it was 
necessaiy to leflect the light from the second plate m older to 
lestoie the polaiization * these arc the expeiimcnts winch Sir 
David Biewster has icprescnted by an cmpuical consti action, 
highly ingenious no doubt, but Mithoui any thcoictical explana- 
tion (the complements of the angles of incidence on the second 
surface weie made equal to the radii vcctoics of an ellipse) j it 
will not be useless to show that in this laitei case also, the theory 
18 peifectly accoulant with the facts. 

The calculation made, pages 8G and following, applies here 
without its being necessary to change anything in it An inci- 
dent lay polaiized in the azimuth (90^— «) was icflcclcd at the 
first metallic plate at a given incidence j it pioduces, after re- 
flexion, two beams polarized in the puncipal azimuths, icprc- 
sented by the foimuloe 
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== COS a cos 2 TT Y 
y =3: sin a cos ^2 tt -j + 

'Ihcsc two beams fill on llic second siuface whose plane of 
incidence makes an an^lc { 0 ) Mitli the In t , they gue use to 
otlieis polaii/ccl in the piincipul jilancs of the new plate, and 
whose vibiationa aie lepiesentcd by 

cos ^2 TT h 
y = B'eOS 

and the diffeienceof phase of these layswill be expicssecl befoic 
the leflcxion at the second plate by the foimula 


tan (S' -- S") == 


sin S sin 2 « 

sin 2 0 LOS 2cc -- sin 2 u cos 2 0 cos 5 


AVe Iiave thus decomposed the lay which has been leflectcd 
a lust time into tno beams poluizccl m the pimcip il planes ol 
the second icflcchn^ sinface they luve, beloie the icflexion i 
diftcieriee of loute (S'— and by the act of the second lefleMoii, 
thej icqime a new dilTeicnce of pli isc (§'") which is added to the 
loimci ind ^ives a total S' — 8" In 01 del iliui the lay niaj 

then be icetilinculy polaiized il is necessaij and it is suflieienl 
tint S'— 8" winch gives 8'"=7r-“(S'— 8") Wc may cal 

ciilate by foiniulm (9) what is the angle ot nieidenec on the 
second sui face which is capable of piodueing this difleiouec of 
phase and it will lennin to compaie expeuiinent with tlu cal 
culation 

Ihis compaiison has been made fox two tables c\ti acted fiom 
the memou of Sii David Bicw&toi, pages 304 et soq (Philoso 
jdiical liansactions 1830) In the fust, x dative to silvii, the 
incidence on the fiist suxfacc is 80 llic angles of the 
two planes of incidence aie wxitten m the fixst column, and in 
fixe following aic placed the complements of the incidences winch 
lestoie the plane polau/alioii flic ditlei cnees between (alcula 
tion and obscivation will be fomid to be veiy slight, if we pay 
attention to the difheulty which must bo met with in mcasiuin^ 
exactly the u/imutlis and incidcntfs m such (omplieatcd c\p( 
iiments 
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Expeiiments of Sir David Bicwsier on Silyei 
Incidence^ 80° on the first smface 


Angle of tho 
two plfinca of 
mcidciice 

Differences of 
pliRSC of the 
principal rn) a 
to tht second 
inudenco 

Complement of mcldencrs winch 
restore, by k hccoihI icfleKioii, 
tbo rectUmcil polarization 

DiiTcrcncca 

Olmived 

Calculated 

■f 90 o6 

e! i6 

10 ob 

O 2't 

+ 0 36 

n 43 

67 61 

10 00 

0 53 

-t-0 7 

07 30 

00 20 

11 32 

11 d7 

-0 05 

m 15 

70 56 

U 20 

11 JJ 

-0 13 

46 00 

96 7 

18 20 

18 37 

-0 17 

3d 46 

no 40 

21 13 

23 1 

-1 48 

23 30 

120 dO 

26 20 

26 32 

-1 12 

11 16 

125 26 

26 55 

28 29 

-1 31 

0 00 

121 11 

28 2 

28 37 

-0 35 

^11 15 

]22 00 

21 40 

20 30 

-1 50 

^22 30 

113 31 

21 00 

2J 50 

-2 50 

3J 15 

100 4 

10 40 

1<I 41 

-3 1 

15 00 

83 63 

U 35 

15 28 

-0 53 

56 15 

69 10 

11 10 

12 12 

-1 2 

67 30 

59 30 

10 00 

11 16 

-1 13 

78 15 

64 36 

10 00 

9 16 

•1 0 46 

OO 00 

51 19 

10 00 

9 21 

+ 0 30 

Incidence^ 68° on thepst surface 

4- 0 00 

71 38 

13 00 

12 42 

+0 18 

+ 11 15 

71 64 

14 00 

Id 21 

+0 36 

•1-22 30 

80 31 

15 15 

11 41 

4 0 3 1 

+33 15 

87 53 

16 00 

15 58 

+0 02 

+45 00 

06 28 

17 00 

18 27 

-1 27 

+56 15 

102 22 

19 00 

20 26 

-1 25 

+07 30 

106 40 

20 00 

21 42 

-1 42 

-1-78 46 

108 67 

20 00 

22 00 

-2 00 

+ 00 00 

108 20 

20 00 

22 15 

-2 15 

~78 46 

107 33 

18 00 

21 11 

-3 11 

~07 30 

105 60 

10 30 

19 30 

-3 00 

-56 15 

99 28 

15 30 

17 32 

-2 2 

-46 00 

92 60 

11 30 

18 38 

-1 8 

-33 46 

81 31 

14 00 

11 00 


-22 30 

77 87 

13 SO 

13 3 

+0 28 

-11 16 

73 10 

13 00 

12 37 

+0 23 

- 0 00 

71 3 

13 00 

12 42 

4 0 18 


I have proposed to myself, in this memoir, not only to make 
known the experiments which belong to myself in pniticular, 
but also to lecapitulate those clue to expcrimenteia who have 
pieceded me m these lesearches, and to show that, thanks to 
the mathematical investigations of M Cauchy, the question of 
metallic leflexion is at the piesent time completely settled 
There remain yet numeious experimental researches to be made, 
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and, if they aie easioi they aic not the less impoitant Iheie 
must be sought, foi each metal, Che vnlucs of the con'^tants and 
the mannei in which they vaiy with the ciieumstanccs winch 
modify tlie polish, density, and inolecuhu slate of the body, 
must be dctcimincd Imthei the cliffeient simple coloiiis of 
the spectuim should be emplojed, and the laws of the in 
equality of action pioduced m them by metals, investigated 

Conclusions 

Ihe memon which Ipiesonl has foi its object to dotcimmc, — 
1st The intensity of the light leflcfcied fioin polished metals, 
when the incident lay is polauzcd m the azimuths of O^and 90^^ 
2nd llic laiio of these intensities, by a diftcicnt piocess 
Sid Ihc diffuence of phase of these lays, iftei icflexion 
1th lo show that the lesults of expeiimont aie peifectly le 
piesonted by tlic mathematical foimulaa of M Cauchy 

5th To investigate, aftei leflexionfiom a metallic iniuoi, the 
duection of the axes of tlie ellipse m which the molecules of 
aiithei vibiate, when the incident lay has been poliiized in any 
ftzimutli whatcvci 

6th lo dctcimine, by calculation and expeiiment, the inci 
deuces foi which the polaiization becomes n^^aui leclilmeai aflei 
a ceitam niimbei of leflexions fiom paiallcl plates 

7th lo find the azimuths 6f icstoicd polauzation undci all 
incidences 

8th lo invcstij^ait the value of the antics ol icstoicd polaii 
zatioii when the two planes of incidence aie inclined to each 
othci; and the incidences on the two miiiois aio unequal 
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Article IV* 

llcsea)ches on the J^leUiiciUj of Induction By H, W DovE'i 

[Menion lend bofoie the Acndcniy of Sucncci of Bcillii ] 

Inii oduction. 

XhE following leseaiches weic undcitiikcn wilh n view to ascer- 
tain the effect pioxlucecl hy the division of a massive Iiai of non 
into bundles of wne, and by the dilteicut modes of magnetumg 
the same upon the elcctiic cun cuts Uitifc nie induced by it m 
the Miic winch suiioiinds it, BachhofFner and Sturgeon | liave 
shown that the shocks on opening a galvanic cn cuit is much 
moie incieascd by the insertion of bimcllcs of non wires into the 
spiial coil forming pait of the circuit, than by the inscition of 
iron in the foiin of a solid bai. Tlie manner lu which the cxtia 
ciivient 18 produced can only be investigated by its physiological 
action and by the biilliancy of the spaik which appears when con- 
nexion 18 bioken in the oomplcting wiie. Besides, three actions 
concur to piodncc the latter, namely, the spark of the piiniary 
galvanic curient, its augmentation by the action of the sjinal 
coils of the completing wire upon each othei, and tlic effect 
aiising fiom the magnetism becoming evanescent in the insoited 
lion. In the pi oduction ot the physiological clfccts the two latlci 
causes alone concui, for a galvanic circuit winch is closed by a 
slioit sliaigbt wne coinmumcalca no shook on bri'.ikuig. By 
examining the secondaiy cuiicnt instead of the cxtui cuncnl, 
t.e. by allowing the spiial coil toimiualing the galvanic eirciiit 
and surrounding the bundle of non wue to act upon another 
wne not in contact with but pniallcl to it, I w-ns enabled to 
investigate the lesulting cnirenl by other rlicomctiical means 
hesidcs sensation and the vividness of the spark. All that now 
leniamed to be done was to letoin m the lesult the action of the 
evanescent magnetism aloncy and this I obtained by constructing 
a diff’cnenhal mductovy m which two equal spiral coils intci- 
posed in the ciicuit acted upon two equal sccondaiy coils, wdiicli 
being connected ciosswise together, completely neulrulmcd each 

* Tho liditm n indebted to Di H Ronalds for the fiimslation and to Piuf. 
WbeBtstono foi the levision of this meinoti, 

I \niials of tlccliicily, 1 p 18f 
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otliei 8 iction Ihe distuibrnicc of cqiiilibiium on the intioduc 
tion of non into one of the pio\iousl) empty coils^ most Ihcie 
foie be the eflettof this non alom ilu icsults \\hicli I ob 
tmned when the piimmy euiient MUb Unit of a (jalvanic ci)(uit 
01 of u thamo eltttnc ci) ciiU I pic&tnied to Uie Academy on the 
21th of Octobei 1819 Ihej wcic oi such a iiutuie is to make 
it appeal desiiable that tlie evpeimunts should be cxieLided to 
othei modes ol ina^neii/in^ the non thin by the cuiicnt of a 
gilvanic cncuit Iheicsults obtained by Uxcdmhmffc of an 
elccinc hattay wqiq hid bdoje the Acidcmy on the 28tli of 
Octobci IS 11 those obtained by appi oachmg the ii on io a may 
net on tin IStli of Apiil 1812 By mcina ol tins last method ol 
magnctizuij^ sinnlu c\pciiincntg eould be instituted upon the 
jmauDy cxtia cmient Ihc incicascd ph j siologic il action of 
second uycuiicnls of highei oideia by means of bundles o( non 
viies_, MSS lastly the sub]eet of a memoii hud bcfoic the Aei 
clem} on the 11th of Au^^ust^ 1812 All these icseniches^ foim 
ing tOj^cthei a complete nholc^ aie hcie collected^ \Mth the 
consent of the Academy, into one mcmoii, in ^\lueh that oidei 
Ins been follo^\ed V Inch appealed to show the subject m the 
cleaiest h^ht, the oidei in uhich they aicic fiist published ^Mll 
appeal by the lepoits of ihc Acadein} ^ 

It IS ucll Inown that eleciiic cmunti of diflcient oiij^in 

Upon uaa iicto I etne i j j u la f k' * luced uu iilsot (jiml 
int nsitj iiwn somplclcly \ i t((li <n a )i ll i iml up n tl ts iippli a 
lioi \ uutimlb iip » fttin \ 11 ^ 1 111 18 3S j| 21 and ) 

U]{j til \ lafci 1 >1 11 ) and \\1 It e tint unllcul)! iifu to limd nncl 
soft stocl ^vitli 1 f i n to th plucnui ci i 1 uilu Inn \vl i h th y pi idu o 
18 n p 1 

Up n u^nol)cl tu al lu iits uhich wh n in cqiuhimum i gaids ilio 
^alvanimctu piodu c pawn hi) di I uj n ll ( In i an Indy and (ii Llio con 
n't!) when til n jly ul al acti ii is iinitnally cnnpoiiaUod puwci fully 
air L the na i Lien dl 18M) p 1( 1 
U| on the indue d uni cuts cxcUcd u nagndi/in^, lun by momis of fn 
ti( nnl elcrtu Uy 1811 p 10 

Upon tho c\tui ouucnt at the eoinmcnconiuit and close i a pi imaiy enuent 
18U p J) 

Upon the induci d clccluc im cuts cans 1 l>) Ih j)pioacli ot niasaive non 
or of a Inindlo oi ii m wno tc a st il nngiicl 1812 j 11 
Upon tlie clcctii enneutj winch tho evancee nt nagnotism (f elecUf 
mngncU/cd loda ol non oi bundles I wncs induces ^vhoii tho cuiicnt which 
nin ncti/os them is pi )dn d — 

1 By the f pjioieh la 1 se I c \\ a no l> a steel i lagnot 
By tlic appi jach if 8oit n n i i a Ht c) nia n i 
6 By tho comlmiatuu (I holli ag ncics by nnans of &a\ton a inachn c 
Al I list 1S12 

Up n (1 actnn olnon uida and buiullc ol wiics upon jndiicid uuionti f 
liigliGi iidciB AngiiBl 111 
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cannot be detei mined to be equal ^^llen they cause tlie needle 
of the same galvanometei to deviate tn the same dcgxce, for 
accoiding to Ohm’s theoiy, the intensity of a cm lent is equal 
to the clectiomoiive foice nhich piodiiccs divided by the le- 
sistance to conduction of all the pails tluough winch the cm- 
lent passes ) theicfoie, in the case wheie the lesi&tancc to con- 
duction, a pait of which only is due to the vvne of the gal- 
vanometei, is unequal, a like amount of deviation in the needle 
of the galvanometei must prove an inequality to emt in the 
elect! omotive foicc. This mequahly must become appaicnt 
if the resistance of both ciuients is incicascd oi dimimshocl iti 
the same latio In this manner it is explained, lor instance, 
why a thcimo-cncuit and a galvanic cncuit, both equally affect- 
ing a galvanometei, have a veiy difleicni clTcci when a fluid is 
intei posed in the connecting eiicuit The same loason explains 
vihy a voltaic jnle and a galvanic baltciy, which have a like 
action upon the galvanometei, pioducc vciy difieicnt cflccts upon 
the human body oi in a decomposing cell. But It the icsistance 
to conduction is the same for both cm lent b, if, foi example, 
they both pass through the same conductor, and pi oduce the 
same deviation in the galvanometer, then an equal amount of 
clectiomotive foicc must be asciibed to both If these cun cuts 
produce diffeient efTccts in cases wheic the resistance to con- 
duction, on being changed m an equal dcgice in both, still re- 
mains the same, this diffcience can no longer be attiibutod to a 
dlDPerence in the electromotive foicc, but some other cause must 
be sought to explain it. 

If an electiic cuiient is understood to be the equalization of 
an electiic antagonism, houever this may have been caused, tlicn 
theioaietwo things to be consideied, — the oiigmal/o? cc of this 
antagonism, and the tme which is rcqunccl completely to equal- 
ize it. Differences in the action of two cui rents, whicli have been 
pioduced by the equalization of an equal amount of electric 
antagonism, must theiefore be asciibed to tlic diffcience of time 
m which this equalization is effected. 

If the magnehC) chemical^ physiological and calorific effects of 
an electiic ciuient depended equally upon its power and chtia- 
tion, then two cunents, known to be equal in one of those re- 
spects, should likewise be equal in the other tin ee. This how evci 
is not the case. 

With legard to the relation bet!vcen the galvanometnc effect 
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of a cunent and its chemical action^ we raiy consul ei it i)ioved 
by the expcumcnis of Poinllet < Jacobi b uid Webei X ^^hlch 
dneclly conhim laindiyshm foi constant dec tiol} tic iction^ 
that nith electiic uuicnts pioduccd by galvanic meins the 
decomposition of natci m a ^i\cu time is piopoitional to the 
constant ponci of these cuiients as it is indicated by the mul 
t 3 pliei§ dm 111 ^ that time Inom two ciiuents theiefoie \ihich 
aie known to be galvanometiically equal, \ie may expect an 
equal amount of chemical action 

In the pluenomena of induction, up to the picsent time the 
cause of in inci eased physiological action has been asciibed to 
a laigei quantity of electiicity in motion which pioduced it ind 
hence it his been indiiectly assumed^ that in magneto clectiic 
cuiients the physiological action is piopoitionnl to the deflection 
of the needle of the galvanometei, and to the volumes of the 
gases ui the voltameteis With the electiicity of the dcctiic 
machine a diffcience has long beenobseivedin tliisicspect, foi 
the dischaigc of a Leyden jai which will communicate a powci 
ful shock to the human body is not capable of deflecting the 
magnetic needle, and only acqiines the powu of doing so when 
a wet stiin^^ 18 mtei posed in the connectmj^ ciicuit and its lesist 
ance to conduction is thus inci eased When this is done the 
physiological iction dcci eases in a i email able mannei, whilst 
the dazzling white of the spail is changed to a yellowish 
1 td colom Ihe shock is as completely pi evented w heu the one 
coating of the jai is held in the hand and a ]iomt which is lu 
minous with a bluish light m the daik is giaduuliy ippioachcd 
to the othei oi as Loid Milion states when the ju is dis 
chained by a piece of i\oiy In this case of gicahutl dischaige 
by the appioach of a point thcic ocdus as f olladon fiist 
showed II, an action upon the magnetic luedlq Suppose the 
electiicity of both coatings weie divided between two elcctio 
metcis, of which the leaves of the one divcigcd as many dcgices 
positively as those of the othci divcigcd negatively, then if both 
wcic connected by a coiuUictoi when Ihc haves collapsed, 

Compt Jlmdu v p 78 ) 

\ litdhfii Sci ilt/tqu I I f al mi I St I to sJ }} ij 18SJ ]> 3u) 

[ 1 il({d } H M tjnet F tun 1810 j )f 

§ Wheth i \i bt a muH c nipass oi a tang nt c nij a s i a c il of wii 

u [ 11(1 (111 t]i(i niannci of a h lilai i a{,iict hi otci at 1 iuected by lb tet 

wbUi I nn n li n 

II Int al H d ( i nm ct dc Vhyst jn \x in p f 
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1 magnetic noedle placed neai the conductoi would be deflected, 
but a human body causing the neuii ablation would not mihi 
any shock , if the lca^es collipscd suiUhnhj^ on the conti uy^ i 
shock ^^ould be felt, 'whilst the magnetic needle would icinun 
unmoved 

To these diflfeienccs between the ph} siologieal and galv mo 
metue action of the oame quantity of ckctiieit}, ueeoiding as it 
cii dilates mole oi less quickly tluough i conductoi uhicii liave 
heie been established, othcis may be added In the clcctiic 
caiients pioduccd by the motion, of a closed conductoi in the 
pioximity of a m ignct, the poivo) is chiuthj piopoitioiml to the 
velocity^ the dmaiion is invQi^ehj is the vUodhj , the tendency 
of a needle to move when placed in auj fixed diieeliou with 
lespect to the coils of the muUiphei duiing the eonlinuation 
of the cm lent is iheiefoic cniiuly indopendent o( tlio \tloeity, 
as Gauss has alicacly shown * Ihc physiological impiebsion is 
howevei not a piodurt of the powei and the duialion, but is 
chiefly detei mined by the foi mei it inci o iscs thei efoi e w ith the 
AcloGity of the motion, without afloidingio the pci son suflei 
mg the shock, by the shoitci diuation of a painhil sinsution, a 
full compensation foi its luci eased aouUncss 

Simihi detcimumtions to those ulitiug to the plij siolugie d 
action of the cuiicnt aie likewise available foi its piopeity of 
magntimng hm ilened steel ^ fox if a Liydcn jui bo giudu dly (lis 
chaigcd by a point oi a lod of ivoiy, ae( ouhng to Sccbeck^s ob 
seivationi, the magnetism pioduccd in a steel needle l)y the 
connecting w lie IS eilhci quite impciceptible oi much less in 
tense than when the dischaigc is (fleeted in the usual inannei 
by a dwchaigei ending in a knob 

When theiefoie, ol two cuiients pioduccd m the same (on« 
ductoi, one of which has been induced bj an < k eiio magiu ii/i d 
hm of Moriy the oihei by an clcclio magucU/ed hundU 0 / 
and both causing the same deviation in tlie g ilvanoinetei, tlu 
laitei exhibits mo7e poiooful lo/ogical action uulmr^u vivul 
spaiks than the foimei, ind at the same time m igiieii/es steel 
mo7e intensely^ we may conclude that in the kttei an equal 
quantity of elcctiicity is pissing m i shoiit) time than in the 
foimei, ind, on the contiaiy, the phynologicul iml magmiizimf 
action of botli cuuents being eym}^ that Uni one which aflects 

* bduuimchu a hfionomisehcb Jahhue} II (> p 

t Matfu d gfilv Ketti p \o Ibkandluuf/( /i ifci i^oiltua /!! ndciutt^ 1921 
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i\\t galvanomete) least must possess un mu eased velocity in pio 
poition to its (ho case of pouci 

I shall nou fiist lUiisliatc the appiiatus uliicli was made use 
of lu the expel imcnts by i simple fi^iiic, and then piocecd to 
the moic accuiale deaciiption of it 

1 P? inciplc of the Di^u uiiidl Indacioi 

1 When an electiic cunentis excited in Uvo simiHi 'v\iies a h 
and erZ (Plate I fi^ 1), whieh aic eomiectcd\\ith eicli othei by i 
vui c i c this cm i ent u ill pi oduoc on being discontinued a second 
aiy cm lent in the same ducelioii as the fiisi in (^^o mics a/3 
and y 8 placed pnallcl to the fust two If these wucs howcvci 
aie connected ciosswuys % e (fig 2) a with y and /S with 8 then 
the cun cuts induced lu a /Sandy 8 by thepiimaiy ciuient «6will 
flow in contiaiy diiections, and if thej aie ccju d will completely 
nciitiali^e each othei But if at the side ab a second closed 
wue efffh (fig 2) 18 placed, the cmicnt induced in it leacts 
upon a b and a j3, and acts in a ? eUu diiuj mannei as it is passing 
m the mme diiection as the cuuentb m ab and «/3, ^ c in a 
mmnei to wedeen them foi all the tests which, the quantity of 
electiicity being the same aic less iflcctcd when it ti ivciscs the 
WHO m a longci than when the same olcius m i shoitci tune, 
thcicfoie ivedJcoin?^ with icfeiencc to the p/ui<iiolo(/i( at action 
find to the ormpncluinf/ of 9/ct/ whilst the ij[jcct upon the yalva 
yiomeiei and the piopcity of nuKjntti iny sojt ii on ai( wo/ changed 
by it llie phoinomeua ol induction with i elation to these tests 
w Inch ai isc fi om the pi csence oicj q h in tlic w ii e a /3 y 8 altei the 
equihbnum of the uiuent is dcstioycd will appeal fiom this to 
be caused by a cuiicnt pissnig in the chuction horn /3 to a, as 
the umciaulecl ciuicnt mdiucd in y8 by cd piopoiuleiates o\ci 
the cuu cut induced in a /3 bj a h hut wliu li is letmded by efy h 
Ihesc i)h uiomena of inducliou musi also he solely iseiibcdlo 
the action of cfgh upon a/3 as tlu diuct letion of a h upon 
«/3 IS not lessened by the pi csence ot t f y h as is obvious lioin 
the punciple of multiplication applicable m the case of indue 
tions with siipci imposed coils of wnc 

2 If instead of the endless w a e ^ A a i od of n on s (fig 2 ) 
IS substituted at light angles to the plane ol tlu wno, it will be 
nuigncLi/ed by the puinaiy (iiiient Ihc evamsanl ma/ netism 
of this u)d of lion when tlu pimuuy cmienl a h is diseontmucd 
induces in hi c mumci a eiment m a/3, winch is moicovci in a 
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like diicction to that excited in «j3 by the electrical current 
existing m ^ i at the moment of its cessation. The equilibrium 
of the cmrents which pieviously existed in is therefore 

also destioyed, but the resulting cuiient^ even foi all methods 
of tnal^ will exhibit an opposite dnection^ namely from io- 
•wards (3 ; for now the augmented will prepondeiate over y § 
which has not been augmented. Let us suppose^ lastly, the 
electro-magnetized bai oflron^;^ siurounded by a conducting 
wire efg then in consequence of the evanescent magnetism in 
^ n a larger quantity of electucity will be put in motion in the 
wire than in the wire y^^ but as an elcctnc ciUTcnt xe si- 
multaneously excited in efgh this quantity of electricity will 
move more shtolg than the lessci quantity in the wire y 

Here Ihixe different cases are possible : 

1. The augmented quantity of electricity may mo ease 
gome particular action of the current more than the retar- 
dation of the curicnt diminishes it, 

2. The mci cased action caused by tlie augmentation of 
ihe quantity of electricity may be exactly compensated by 
the retardation of the cuirent. 

3. The retardation of the cuuent may diminish some par- 
ticular action more than the augmentation of the quantity 
of electricity increases it. 

In the first case, the cuirent will be chrcctcd from a towards 
/3 ; in the second, the equilibrium of the currents will remain sta- 
tionary; and in the third, the current will flow Aom /3 to- 
wards a* When the primary cun ent which magnetizes the iron 
is that of a galvamc circiUty that of a thomo-haiierg oi ihmmo^ 
ciremty or the induced current of a Sawton^s machine^ the first 
case is always observed , when however the primary current is 
produced by the discharge of a Leyden jar or of an elecfi teal 
battery^ the third case, and under particular circumstances 
the second case happens ; but in such a manner, that when the 
first case occurs for one method of teslmg the current, the third 
case may occur for another method^ and vice versa. Lastly, the 
primaiy curicnt of a Saxton^s machine may be so modified by 
the extra current which it produces, that all three cases may be 
observed with it. 

A bundle consisting of insulated iion wires is not capable of 
producing peripheiicnl electucal cuiients sunonnding the whole 
of the bundle. If hou ever it is inclosed in a conducting shcathy 
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foi instance in a closed hi ass tuhe^ then the bundle of non wnes 
will lepiesent the magnet sn and the sheath \ m 11 lepiesent the 
wiie efg h In a solid bai of non its siuface must be con 
sideied the suiiounding sheath ef gh s n with its sunounding 
wne efgh is such an electio magnet 

3 If by the side cdfi similai combination ii^ and 

be placcdj then the cquilibiium of the cuiients will be dcsbioyed 
in a tw ofold mannei , but fiom the diicction of the lesulting 
cuiient it will be evident which of the two distiiibjng causes of 
equihbiium is the moie poweiful If these aie lessened, eithei 
by modifying the stiongci oi the stiongci efglh the equili 
bnum which had been destiny ed may again bo lestoied Ihe 
appaiatus then becornes a mcasuung instiumeiit 

For the purpose of inci easing the action, it is convenient to 
give the magnetizing wucs a b and cd^ as well as the wnes « /3 
and y8 m which the inducing action la effected, the foim of 
spirals, the lattei being wound in an insulated mannei lound the 
foimer, whilst into the foimei aie placed the bais of non to be 
magnetized, as well as that pait of the apparatus repiesenting 
the conductor efg h 

4 Some of the metallic lods placed within the spiials were 

cyhndcis otheis foui sided piismaiic bais Ihe cyliiideis weie 
of equal dimensions namely 11 inches 7 lines long and 11^ lines 
m diametei Iheie weie thutcen of them, composed of biass^ 
tin zinc lead^ haulcned steely gi ay cast ti owfiom a ciuciblefui 
nace, gi ay cast non fiom a cupola furnace with a hot blast, gi ay 
cast iron fiom a cupola furnace with a cold blast, white cast ii on 
fiom a cupola furnace with cold blast, white cast %ion fiom a 
cmcible furnace, and two cylinders of very soft WK^aght iion^ 
besides these, gun ban els, some cut open lengthways, otheis un 
cut, one bi ass lube cut open and anothei enhi e, a tube of lead, of 
hn of Gel man silvei, of nickel, a itveled tube of sheet non cut 
open lengthways, these had the same dimensions ns the 
cylmdeis 1!\\q wires composing the bundles wcie of the same 
length as the cylmdeis Amongst these weie foui soita of soft 
iron wire, having diiimcteis of ^0, 1^^^ 16, 9}^^ 67, the 

fiist soit was well varnished with shell lac Bundles were also 
foimed of soft steel wire 0'^^57 in ditoetci, of hard steel wire 
of 87, And of varnished fi? ass ton e of 70 , of copper wire of 
0'^^ 75 , of tin wne of 10, of had wdc of 0^^^ 80, of zinc wne of 
0 '^^ 60 diameteis besides these, cylmdeis weie consti acted of 
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fine nwi borings enclosed m glass tubes^ and lilies were com- 
posed of discs of sbeel steely of tinned and unhnned slieeUiron ^ 
tlie discs weic isolated by discs of paper; lastly^ one cylindci 
was composed of discs of tinned sheet-iron with interposed pieces 
of silver coin • the diameter of these piles^ consisting of soveial 
hundred sepaiate discs, A\as 9 lines, The prismatic lods were 
composed ot mckely a?itimo7iyy bismuth^ jsme, lead^ f"0})pcu 
hassy 18 inches long and 6 lines broad. GoldySilvery plaiina 
and tndimn were used in stiips laid one upon the othci, 

5. Although the same magnetizing spiials a h and c dy and the 
same induction spnals and yS, may bo used uith diflbrcnt 
piimaiy sources of elcctiicity^ yet it is preferable^ when galvanic 
currents are used and a stiong action is icquired^ to give greater 
thickness to the connecting wire and a gi eater number of coils 
to the collateral wii 0 than when /notional elects icily is employed, 
and pGifcct insulation is then not so impciulivc as it is with the 
lattci kind of clectucity, Ifhouovci the magneti/ation of the 
iron IS cflcctcd in a direct manner by app) oavhing it to a steel 
7na(jMty then the appavaius must be constructed in an cssen- 
tially different manner. In the following cNpcrnncnts I made 
use oifonr different differential inductors ; the dcsciiption of the 
fiisi three follows lierc, the last will be noticed in the sequeh 

3. D{(ferenhal Tmluclor for galvanic and Ikermo-eleclncity* 

G. In the tin cads of two similaily cut screws of wood two spi- 
lals of copper wire 2^ lines Chick*, insulated by means ofshclUac, 

* If it 18 icquucd to uso tho appmntiifl lioie tlt!i>criljQ(l 
as an olccUo-magaolic maohinO) in wlucli induction takes 
nIuQo by moans ol an ulootiOxmngiicD/cd hoiscsboo of 
itoni tlio anangoment demetod in llio annoxod flgiao 
may bo omnloyod A cyltnducal bar of soft non 
bent into tno foim of u boisoshooi is wound lonnd at 
tho bend in Iho middlo pnit of it by a tbiek spiial 
WHO of copnoi od, which is piovontod Aom coming into 
contact with tho non by an intoivcning inaalathm sub” 
stanco Upon tho sliaight pauillc] Iinibs ot tho noise- 
shoo, which nio likowiso coveiod with an insiiluling sub- 
stance, two All night o\l null 1 cal spiiala oi tho Knnui wiio 
ah and el are placed, which being coded in tho same 
dircotton as oib ioini) when h is jonied to c and d to e, 
ono coiitnnions coll a h od ol Tho ends a I of these 
two spiials piocood in astialghtdiicction and painllol on 
tlio oiUoi side ol tho limbs, so that tlioy may not intei- 
foio when tho keeper ir applied to tho poles noi pre- 
vent the iiiductjon-spiials afi and f X, composed of long 
thin WHO, fiom being diawn ovei tho colls of thick who 
of which tlio magnetumg spuals b a and ol aio fonned. 
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and passing louncl 29 times at nn iiiteinal distance fiom each 
otlici of 18;} lines foimed^ nhen in contact^ the connecting muc 
of the galvanic cucuit 

The non cjlindeis and bundles of non wncs vlnch aic to be 
tiled are placed witlim the cyhndncal hollo of the wooden 
sclev^s^ ^^lnch, electio magneU/cd by the coppti wiie induced 
a ciuient in two supciposcd coils composed of vne half a line 
in tliicl ness, wound lound nith silk and having each a length 
of 400 feet The fi ee ends of these ii ansvei sely connected indue 
tion coils aie joined by means of handicap the eiuicnt passing 
tinougli the body oi by a galvanometci, and then iccipiocal 
compensation detcimined in both casts ^ 

Ihc cqnihbnum uhicli is destioycd by mtioducing an non 
cyhndei into one of ihespiials is lestoiedby giadually msoilmg 
non unes into the othei spnal In none of those expeuments 
IS induction pioduced by the mseition of the jet immagnctic 
non into the spiials vhicli alieady foim the connecting cnemt 
of the battciy, and on that account magnetize the affected non, 
but by the non aUeady contained in the spiials becoming po 
laiized and depolauzed successively by alternately closing and 
bical ing the galvanic cnciut All the cun cuts of winch ne aic 
lieieti eating aic of the land called momenta)]/ cuiicnts In the 
method of obsei vation hciepuisucd^ as has been explained abo\ 

WIioii tlio uuliiction pnals aio not of the siuno Icnfjili ns tlio inagneiiiiing 
8 ))iiftl 3 lip n win h they me pined niul nn nidiiction pnnl intlicai s niun 
due d cuiunt ot vmmblo inten ity nc ouling to tlio jKBilion in wliieb it is 
pi need up m n sti night clcLtio m gnet thou nn impel kctly ntinincd tom pen 
snUon 11183 oa<ii(y icmodicd by nllonng the p) itiou of tho induclmn 
spiral iownids Us mngncli/ing spiud ns by dinnniHbing tlio length of wiio 
in liio inoiQ p weif i) induction spiinl In oidei now to dctoimmo which pint 
of nn clectio mngnot hnd the most powoiful ladncing action a covoiod coppei 
WHO was coiled into two spiinls of (JO i evolutions whioh wcio oonncctod by a 
long stniight end Into each of theso spiuila was inscitcd ono of llio polos of 
an t lectio mngnet 22 inches m length and 1 1 liius tlnck wluoh was sniiounded 
by n conpei wiio 2 m tlnck in 00 lovolutlons When Iho compenaation of llio 
sp lulls Inul been dntoi mined by tlio galvnnomotoi ticai to Ibo ends oi iho eloc 
lio mngnet ono of the spiials was mov d to a tosidon noaici Iho niiddlo tho 
othoi icmmiiuiL iinoliaiiged and llo coniieclioii was biokon between tho oloc 
lio mngnet and the gah anio battoiy linmedinlcly gloat doviutions woio poi 
ceptiblo and moicovoi in a con tuny due ction when tho spiial winch Imtl in 
the ilifit inslnnco been tho moio distant fiom tlio ccnlio was made to assnmo 
tho nomoi position Iho doviatioiis wcio alwajs tiacenblo to ilio apiinl which 
wna moat neaily iippioached to tho coiitio and Ihoy lomainod tho aamo, who 
thoi nudoi tho diicct m/IncncQ of the olcotio mngiioti/od iron hoisoanoo oi 
wlullici that was inado tho kocpci to imolhoi oloclio mngnot whioli by closing 
and jponiiig llio circuit was polan/cd and dcpolnii/cd Iho most ndyanta 
goons position foi an induction spiral is thoioioio tho middle oi an olootio 
mngnot 
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the resulting current is only pioduced by the inserted iron^ as 
the direct action of the connecting wiic upon the secondary niio 
IS completely compensated. 

The galvanic batteiies used m the e\penmcnts ucic some- 
times small caloiiinotois of two coils and 4 inches high^at other 
times laiger many-cclled tioughs united to foim one battery 13 
inches in widths with four inteiposed copper and amalgamated 
zinc plates. Afteiwaids constant battenes wcie employed witli 
advantage, either Bunsen^s caibo-zmc battery, or (^rove^s pla- 
tmo-zinc battery. The expel iments with thermo-clecti icily were 
made with a thcrmo-bjittciy consisting of eight bars of antimony 
and bismuth, vhicli foimed at thcii upper and lower cNtrcmity a 
chess-board of sixteen squares, each 8 lines in widths wlnlst tlie 
height of the bais was 3 inches 8 lines. Tlic poles of this bat- 
teiy, vhich teiminated m nidc vessels containing inorcuiy, 
wciG connected by the magnetizing spiials, and the unequal 
tempcintmes veie produced by w ater cooled to 0^ Celsius by 
means of snow, and by a suspended plate of red-hot iron. Af- 
terwards a simple thci mo-battery was used consisting of two 
bars of bismuth and antimony, 3^^ in length and having a 
square section of 8^" 6, soldered together, and warmed at tlio part 
whole they wmc soldered by the flame of a spuit-lnmi), All the 
connexions of the thick wires n^eic made by means ol' cylindii- 
cal vessels containing meicuiy, with holes bored through tliom. 
All the connexions of the thin wires were effected by clamps 
doubly boied, the holes being at light angles to each othci*. 

3. Diffe7*enUal Inductor for magneio-olecir icily, 

7. When the primary current was that of a Saxton^s machine, 
instead of the inner spirals of thick copper wire, two spirals of 
thin wire thick and 400^ in length were used, each an inch 
M'lde and a foot long. The outer spirals were the same as those 
used m the former differential inductor. 

4. I>\fferenhal Inductor for fricHonal elecirlciiy, 

8. Upon two strong cylindrical glass tubes one foot long and 

♦ If tliG l)oles in the clamps are at ugbt angles to onch ollior, by mranw of 
one sciew the ciossed wncs can bo clamped togotboi. The holes being boied 
completely tluough the clamps, admit of the wiioa being connoclocl not only at 
then ends, but by drawing any ono of the wnes tlio lecpusito distance tlnough 
tliG clamp, the end of the ono wire can bo connected with tbo middlo of the 
otboi 
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an inch m vidth (Plate I 3), me coiled t-no spnals of cop 
pu Mile in the same chi ection, completely imbedded m shell 
Inc find suiioundcd on the outside vith paper Fnch of the 
apiinls foms 80 coils with 32 feet of \iuc Of the wuc clumps 
in ivhicli these apunla teimmnte, a is connected with the inner, 
and d mth the outci coating of the insulated baltciy, nftei 
this hns leceived a constant chnige by moans of a unit jni 
As the clamps i, &c aic united, by a cioss niie, the two spnals 
a b and o d foim togcthci the connecting wiic of the battery 
Ihc induction spnals, coiled in the same diiection ns the iniiei 
oms which they nic to enclose, arc wound up in tubes of paste 
boaid, and imbedded in shell lac, eodb wnc having a length 
of 45 feet and 80 coils fhe thickness of the wiio of these 
spnals IS the same as that of the wnes of the connecting 
spnals, namely, half a line both ends of each secondaiy spnal 
nic on the same aide (in the fiont of the flguic) , the longei cpd 
of each spnal which is bent back {13, y), passes thciefoio along 
the cxteinal papei covenng, enclosed in a glass tube, which is 
fixed by two silken bands, with the aid of small pieces of ooik 
Of the foui ends of these spnals, two, « and y, nie (onneoted 
by a OIOSS wne, whilst the othcis, /9 and 8, eithci toiimnato m 
linndlcs, ns is icpicscntcd in the figuic, oi aio connected by n 
spnal containing an nnmngncti/cd slecl needle, by a gnhano 
metcij an olcctio mngnet, an appaiatiis foi decomposition, an 
clcctiic an thcimomelci, oi one of Bicgucl’s rnctalho thcimo 
inctcis, an insulated picpaiation of the fiog, n condensci, oi 
an nppaiatus consisting of points with an inanlalcd disc of icsin 
between them, foi tlic pioduction of flgmcs on the icsin I nch 
of the connecting spnals, a b and c d, ic-jts with its BUiioundiiig 
secondaiy spnals, «/9 and y S, upon two glass feet ^ of an inch 
m diomelei , and w oil coi ci cd with shell lac these hi anch out at 
the lieight of 8^ inches into a foil composed of two glass lods, 
each of wliielus 3 inches m length, and these aio fixed into binas 
caps by cement, at a distance of l| inch fiom each ollici at 
fhc top, upon die veilienl stems Into tlio uUciioi glass tubes 
fhe metallic cyhndcis and bundles of wiio winch aic to be com 
pnicd nie mtioduccd, ns is shown in the figuio, wlicie the spnol 
c d incloses a solid cjlindei, and the spnal a b a buiidlo of wire 
snnonnded by a metallic lube ilic nppainlus was made by 
M Kleinci with bis usual care 
I now piocetd In the expeuments themsehes 
voi V 1 viu \^ II 


I 
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I Cw unts induced by the emnescent magnehsm of electi o mag 
nehzed 7 ock of 77 on a7id bundles of ton es^ 7vken the 
Uzing GUI 7 eni was that of a galvanic baliei y 
1 Comparison of the galvanomeii 10 and physiological action 
9 If a solid lod of non is placed in one of the spiiah of 
the diffeiential inductoi, and a bundle of wins in the othci^ so 
that equilibiium is established as regaids the galvanomctci, 
these cuiients^ ivhich galvanoinetiically compensate each othei^ 
pioduce poweiM shocks upon the human body N\hen it la made 
to foim pait of the circuit By diminishing the numbei of ucs, 
these shocks may be 1 educed to nothing, but then the cuuents, 
i^hich physiologically compensate each oihci^ cause a powciful 
deflection of the galvanometei needle m lavoui of the solid cy 
linder IIow gieai tins diffeience is, may be seen by one of the 
senes of experiments with \i no of a line m thickness The num 
bei of wnes lequisite foi compensation was as follows 


1 01 tho loi 

galvanometei sonaaiion 


Foxged lion 

110 + (0 

15 

Giay non fiom the ciucible fiunaco 

92 

24 

Soft steel . 

91 

9 

Qioy iron from the cupola fuinacej with 
hot blast 

46 

18 

White lion fiom the cupola furnace, with 
cold blast 

4S 

8 

White lion, crucible oast 

41 

10 

Hard steel 

28 

7 

Gray non fiom the cupola furnace, with 
cold blast 

27 

11 


With forged non, the number of wires that could be placed 
in the Wooden screw Was insufficient for compensation in the 
galvanometer Without exception, iheieforo, the numbei of 
t\ires requited to compensate n solid lod of non is gicaio 
when the Currents act upon the galvanometei than ^^llen they 
act upon the body, or m othei woids, when the cimcnta me of 
equalintensity as regaids the gahanomeier^ the shoclc pioduced 
by the bundle of wiites is gi eater than that pioduced by the solid 
bar of iron To test this icsult m another mannei, the lollow 
mg expeiiment was made —A differential galvanometei with 
two equal wires, each of which made 100 1 evolutions round its 
frame, was so connected with the induction spirals, which hac^ 
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pieviously been sopaiatecb that the ciuient oi one spiial pa<^sed 
tluoiigli the 100 itvoluiions of one wuc of the galvanometci lu 
an opposite clucction^ to the ciuicut of the othei spiinl \^hich 
passed tluough the 100 i evolutions ol the other miic, when 
equihbuum had been established foi the astatic needle beU\con 
the solid cylindcx and the bundle of wuca, tliefoicc of the shocks 
m both the sepaiated spiiala \\m tested, and those pioduced by 
the bundle of wiics mcio found to bo decidedly stiongci 

10 Although ue have heie dncct pi oof (foi the ciuicnLs in 

the foiegomg cNipeiimenta aluays cuoulatul m the samcwiic) 
that the non existence of cqiulibiium foi sensation, uhen the 
human body is inteiposccl in that cuuent which pioduccs no du 
flection ot the galvanometci, cannot be accounted foi by an in 
cieasc in the lesistance to conduction, ncvci thole as, as amoie 
iigld test, the following expeument uas made Ihc induction 
spiials vveie inoi eased in length to SCO feet, so that the cinients 
having opposite duectiona, passed altogethei ihiough 400 feet of 
wire Aflorwaids 2000 feet of uire, and again much gieatei 
lengths of wne weie mtei posed, without in the least diatmbing 
the eqmhbimm in the galvanometci A gicat oj the 

'iesistance to conduchon was thcicfoic without effect 

11 The icsulta obtained foi non appealed also to bo appli 
cable to nickel A foiii sided lod of nickel, whu h was compen 
sated as legaidccl sensation by non wiics, pioduced m the gal 
vanometei a deflection m the ducction ol the cun cut floin 
the lod 

J2 With legaul to the jjalvanomtiUG equihbuum, a lemaik 
able phoonomcnon must bo mentioned which indicates that the 
augmentation ol the cmieuts to the maximum ol ihcii intensity 
with the same mean powci docs not take place in the same time 
Suppose the numbci of the wnes io ovoipowoi the solid 
cylmdei^j so that the deflection ol the needle is in tlio diioction 
of the euucnt produced by tlie vvnes, and llmi this excess is 
lessoned by ilio giadual icmovul of wucs, then ilic dofloctiou is 
not obseived to pass tluough the point of cqmlibiimn, by giadu 
ally dccicasmg deviations, into one of an opposite ducction, but 
tbo needle moves as if duveu by a quick, shoit impulse, In the 
ducction of ihc foimci deviation, then suddenly stops, and re 
turns much rnoxo slowly in the ducction ol the other ouliont 
Ihis vibutioiy motion is still obseived when the second cuucnt 
has become the moie powci ful, so that ihc ^liort tinpuhe in the 

i2 
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one direction is followed by a mdei oscillahon m the opposite 
direction Let a c (Plate I fig 4) indicate the duiation of the 
fiist curientj and a e that of the :»econd ^ ah c the cui ve of in- 
tensity of the first; a de that of the second , nnd if the supei ficics 
db c^ade^\\, is easily seen vihy the noedlc; which is only m 
equilibrium; at the point of section d fiist moves in the duection 
of the current a b Cy and then m the diiection of a d and 
that this may even continue foi a ceitain tunc aftei the supci- 
ficies « e has become higei than ah c The vihiation of the 
needle ismoie clearly peiceptible when the exciting ciicuit is 
closed than when it is broken, hut m both cases it is in the 
diicction of the cuirent fiom the wiiea 

IS With this pheenomenon another stands m diicct i elation 
For, as the needle of the galvanomctci is set in motion by the 
difieience of two cmrents, and this difleience incieaaes in pio 
portion as botli cmients become stiongci, the pnmaiy deviation 
will he augmented by an increase of powei in the cuiicnts II 
tins diffeience auives at a sensible magnitude, the second cm 
lent finds the needle m a lesB favorable posUion with icspoct to 
the coils of the multiplier than the fiist did, and the foimei can 
for that reason ovci powei the lattei This \Ya8 oh 

seived several times, when caloiimotois with veiy dry plates wcie 
used, alter the slight vibiatoiy motion had been obtained with 
pieviously moistened batteries In this mannei it can theicfore 
be explained why moio wues aic requiiecl to compeusato the 
solid cylinder with strong than with weak cuuents^ 

14 Although the method of observation by means of two 
mutually compensating spirals is peculiarly adapted to point out 
the diffeiences between two cmrents such ns those which wcie 
excited, yet it is obvious that the numbeis given above, placed 
m vcitical rows, can only expi ess a real numciical iclation upon 
the supposition that the battery was comtani m its action The 
batteues winch were then at my disposal did not wan ant such a 
supposition By the constant use of loose wiios, also, the 
lahon of the iron wires was not at all times the same, foi the 
shell lac varnish got lubhed off in places I have thcrofoie on-* 
deavouied to arrange the metals employed m a ffalvanomehic 

* What IS hero said applies of course only to a cuuent induced by nu electro 
magnetj/ed bundle of wires acting in opposition to one indut^od by a solid lod of 
iroiij and not to currents piodnecd by two solid rods of iron acting in oppo 
sition to each other If equilibrium has onco been ostablisbod for Uiose with 
weak currents^ it is not alteud b) increasing the power of the curients 
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series^ making use of auothei soit of mcU varnished wire^ 0 70 
Ime in thickness^ and employing one of Bunsen^s caibo zinc 
battenes foi the pioduction of the magnetizing cunent Of 
wiie^ of this thickness 170 could be placed within the hollows, 
but they woi e moic than compensated by the cylinder of soft ii on 
by the gun bm'icls^ and by the ^lit lubes of sheet iiony whilst a 
lochled tube of double sheet rion just held them in equihbiium 
Uic 1 eason of the excess of powci m the cut tubes above that of 
the welded tube, may be sought m the gi eater amount of ex 
tcinal smface which then elasticity obliges the foimer to assume 
By this mode of experiment the following selies was obtained — 


Substances 


Number of wires 0^'^ 70 
thick required for galvauo 
motrio compensation 
Cylmdei of soft iron 170 ^ 

Gun barrel 170+^ 

Slit tube of double sheet iron 170 -h a? 

Welded tube of double sheet non 170 

Cyhndei of soft steel 160 

Cylindei of giay pig non fiom a crucible furnace 140 
Cylmdei of giay pig non fiom a cupola fuinace, 

with hot blast 86 

Cyluidci ol while pig non, ciucible cast 
lube of sheet non j 

Cyhndei of while pig non fiom cupola fuinace, 

with cold blast 83 

C ylmdci of hard steel 

Cylinder of giay pig non fiom cupola fuinace, > 67 

with cold blast J 

Foui sided 3 0(1 of nickel (4^^^ 7^ thick) 10 

Piibe of nickel \ ^ 

Pile of non discs sepaiatcd by paper J 

Pdo of steel discs scpaiatcd by pnpei 2 

Pile of tinned non discs sepmated by papei 
Xubo of Geiman silvci V 1 

Cylmdei of fine non boimgs J 

16 Iho galvanomotuo aiiangcmcnt of the different kinds of 


non I dcLcmuncd in a moic dueot mnnnei by placing one of the 
iron cyhndei 8 in one spnul, and countci acting its effects by thd 
othei eight successively placed 111 the olhei spnal , by the direc 
tion given to the needle of the galvanometei, it was ascertained 
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which cylindei had the more poweiful action With dillcKul 
species of non the following senes was obtained, with sonic c\* 
ceptions, m the individual expeiimental senes* — - 
Soft lion 

Giay iron fiom the crucible fuinacc 
Soft steel 

Giay non irom the cupola fmnace, with hot blast 
White non 

Giaj lion fiom the cupola fiunace, with cold blast 
White lion fiom the cupola furnace, with cold blast 
Haid steel 

16 The deteimination of the exact mimbci of wiics which 
compensate the effects of a cylinder as legaids sensation ih, for 
anothei i eason, difficult For every degi ce of po wci in the balici y , 
the iiumbei is smallei than that lequiied foi compensation m 
the galvanometei , but in the case of xoeakm cuuents, when tlit 
e\cess of the one ovci the othei can no longei be fdt as a sliock, 
it becomes peiceptible w hen the cuiicnt is Bt) ongei The Inltor 
sensation remains likewise foi a length of time with appaienlly 
unchanged intensity, so^that no peiceptible change is piocluccd 
by diminishing tlie numbei of wiics 

17 I have therefoie endcavouiccl to deteiminc m anothei 
manner the physiological senes foi solid lods If fiom two 
cylindei a acting m opposition to each othei a shock is felt, a« 
the leault of the one cmrent being moie poweiful than the other, 
in 01 del to asceifcam fiom which lod the shock pioccedecl, we 
have only to diaw out one of the lods fiom its magnetising spun), 
and whilst it is being drawn out, to bieak and close the cncuit 
successively by tinning louiid a iheotomc If the v^cakoi rod i» 
being lemoved, then the shocks become constantly moio intense, 
if, on the contrary, the moic powcifully acting lod is the one 
moved, the shocks become weaker until the rod has been (haw n 
out a certain distance, when they cease aUogethci If this dw 
stance is exceeded, shocks from the opposite curient aic obtained, 
which gradually mciease in intensity, and the distance which n 
lod IS diawn out from its spual thus becomes a means of quail-* 

* It la limdly iiocesaaiy to lljnt tlio nunngomeat of such scilfls is 

only intended to diroct ottontioii to the fact, that slight thfloroncoa in llio nft 
tmo ot cast non and steel nmtorinlly aflecl tlio inducing action of iion^ and 
positively to deteijinne by tho name of a substanoo tlio position which it iiold« 
in the series A senes of this kind would only bo nbaohiiely correct if Idonll’* 
cal substances could be designated b) tho same iiamo 
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titatively cleiei milling tho iclativc value of Uie two opposing cm 
icnts Griay non fiom the ciuciblo fiunace ovcipoweied con 
sidciably both soft and haid steel Vciy haid white non fiom 
the cupola funincc with cold blast comes veiy neai in its action 
to soft steel, but veiy pciccptibly exceeds that of haid steel 
Ihc dilTcience between malleable and cast non was less than 
that between malleable non and steel, and indeed with some 
I mds of cast iron the difteiencc was so slight that it could not 
be accuiately deteimmed by the method of chawing out the bais 

18 Fiom these expeuments ancl fiom those made with bun 
dies of wnes, it follows that the seiiea obtained by the gnlvano 
mctei foi the diffcient hinds of non compaied, is a diffcient ono 
to that obtained by physiological means 

The physiological action is thciefoio dependent on the one 
hand upon the mechanical discontinuity of the mass, and on tho 
other upon the pecuhai nature of the non Ilencc it follows, 
that wiles of soft non having a difleiont clmmctei may compen 
sate a cyhndei of a particular kind of iron both as legaids tho 
magnetic needle and sensation at the same time Ihis was tho 
case, foi instance, with t\^ clve wnes 2 67 hues in diaincLei, and a 
cyhndci of giay non fiom the ciuciblc fuinaco Ihc influence 
e\ei ted by the peculiai natuie of ihc 1 ind ot non is also mam 
feat fiom the following facts — When the cyhndci is of haidcucd 
Steel, no cliffcicncc is paccptible between the induction shod 
jnoduced by the polaiissalion of the oyluulci when the cucuit is 
closed, and the shock inoduced by its depolau/aiion when tho cu 
Glut IS biokou, the diffcience between the shocks is peiccpUblc 
if the cyhndei is composed of soil non, much inoic bo with cast 
non eyhndeiB oi bundles of wnes, when the shock on bicakmg 
the ciiomt IS moic intense than that pioduced by closing it 
Ihis difieiencc depends moic upon the natuic of the non than 
upon its mechanical discontinuity, foi it was found to be gioalci 
with eleven soft non wuea than with fifteen haul steel wucs, 
which, when opposed to each otlici, dcstioycd each othei’s phy 
siological action 

19 Iiom all the cxpciiincnts which have as yet boon msU 
tilted, It appeals that giay non appioacbcs the neaiest in its m 
ducing action to the bundle ot wucs, foi its physiological action 
IB piopoiUoually giealci than eould have been expected fiom tho 
intensity of the euucut dctci mined by the gnlvanometoi The 
mducnig powcis of giay pig non lead thcioloio to tlio supposi 
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tion, that it IS a substance in which the non capable of being 
magnetized does not foim a connected continuous u hole, n icsuH 
which accords with the chemical icscaiches of M Kmsten 

1 Effect of the inversion oj the magnetic poJm ity ^ipon the 
inditced cw ? ent 

20 In the foiegoing phoenomena an impoitant ciiciimsinnrc 
has not yet been noticed, a neglect of winch would rcndei it un-. 
possible to compaie difFeient kinds of non with each olhci,— I 
allude to the effect pioduced upon the induced cm i cut by the 
%mersion of the magnetic polai ity Malleable n on, steel, nickd, 

and cast non letain alurys a gieatei or lessei poition of tha 
magnetism which is momentauly excited m them, it bccoinea 
therefore impoitant to know, vhen they aic again electro magne- 
tized, what relation the metallic bai which is nheady magnciicji 
heais toMaids the magnetizing spnol containing it, whcthci 
namely, tlic leningnctizing pioducea a like polauty to that nl- 
leady existing in the magnetic bai, o\ whothet a conliaiy jm- 
Iniity ensues The nillucnce which this exeits upon the pint no- 
incna of induction was ascei tamed in the following mnnnci ~ 
When peifoct equilibuum as icgauls the galvanomciei had been 
established between two cylmdeia, llie position of one ot them 
was invented m relation to its spual, so that it was magncli/ed 
in an opposite diiection on again closing the ciicuit The di«« 
tuibance of eqinhbuum which hence aiosc always showed tlmt| 
by innrmny the induced cuiicnt became moio poweiful Vtis 
V10U8 magnetizing by touch gives analogous i esults to those pio 
duced by electio magnetizing If non hoiscshoes aio used 
which project with one limb into the spnals as far as thou point 
of neutrality, they become conveited into tn polar tnagnebs 
Now, as an electnoal cuuent of sufficient intensity, when it 
exerts a magnetizing mfluonoo upon abai of non so as to ciumr 
polarity in a contiary direction to that uheady existing in the 
non, annihilates immediately the polauty winch the non ictaiued 
from the pievious magnetization, and then produces the maxt- 
mum polarization of which it is capable, the fact heie adduced 
may be expressed by the following axiom — J^hat metal poif 
msed of the most powerful inducing action in which the yreatcHi 
change of magnetic P'1 opei he$ OGcui The indications ol the 

^ In the oon’itHiction of magneto otccinoal maolilnoa, it follows <hi colly (Vom 
lUia, that in tlio aUduiatioii of the cnuoiUa theio exists n peculiar punoiplo for 
releasing thoii powci 
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magnetic needle lieie accoid with those of sensation with the 
haaclei kinds of cast non the effect of invcision is so gieat^ that 
With two cylindeis which compensate each othei^ when the one 
IS level sed ^ shock is the consequence A few examples uill 
sho’u how neeessaiy it is to take into coiisidciation this mcieusu 
of powei by the levciaion of position 

21 The inducing action of soft non is supeiioi to that of soft 
stCelj and this again exceeds that of haid steel when the excita- 
tion continues unifoim If no veiy gieat diffeience exists in 
the action of these lattei^ and into one spnal of the diflerential 
inductor the cylinder of soft steel la placed^ whilst the other 
contains the cylmdei of hard steel ni a leveiscd position, the le- 
maikable phoenomenon is obsei ved, that the galvanometer needle 
deviates in the same dnection when the ciicuit is closed as when 
it 13 broken By inveiting the polaiity of th§ haidened steel on 
closing the cixcuit,the current which it excites becomes strongei 
than that caused by magnetizing the soft steel m the same duec 
tion as before On bieaking the cucuit^ howevei^ the soft steel 
cylmdei loses moie of the magnetism communicated to it than 
the haulened cylmdei, and hence cxeits a moie poweiful ludu 
cing action But as the dnection of the cuuent induced by the 
evanesccTii magnetism on bi caking the cucuit is opposed to the 
dnection of the cuuent induced by the magnetism resulting on 
closing the ciiciut, the cuuent passes in both cases in a like di- 
lection thiough the connected induction spiials Similai le- 
lations weic obseived with cast non, with this diffeience only, 
that a ? epeated closing and bieaking of tho ciicuit was lequisitc to 
pioducc this pliccnomtnon, which, in the cubo of haidened steel, 
takes place when the ciicuit has been once closed foi a slioit 
time, and hence it appeals that white cast non in particulai 
offcis agicatci hindiancc to the mvcision of its polaiity than 
steel 

22 Ihc sciics adduced at a foimci page would have been veiy 
diffcient Imd not attention been paid to this piinciple of the 
incieasc of powei Toi, whilst all 1 inds of cast non, when 
the polaiity is unchanged, e\cit a wcakci action than mal 
Icablc non, yet on inveision the action of giny and white iron 
liom the cupola fiunacc with cold blast is tho moio poweiful, 
white non, ciuciblc cast, lemains about the same, and gray non 
fiom the ciiicible fuinacc and fiom the cupola furnace with hot 
blast aie below these m powei Ihiis soft and haid steel, on 
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the inveision of then pohiity, exceed m powei all kinds of cast 
non, if llo\^cver the polaiity of these lattei be leveised, they 
act raoie powerfully than soft and haid steel So, when difliw 
ent soits of cast non aie compaied with each othei, the stiongcHt 
action 18 always in favoui of the kind of cast non the polauiy of 
which has been leveised Similai icsults \^eio obtained ^^Uh 
bundles of wiics 

23 The foiegoing expeiimenls appeal to me to explain u ciw 
cumstance which has ficquently been adduced in suppoifc of thn 
view, that a idaidahonoi the cuuent tno eases its physioloyicat 
action The cu cumstance is this, that the shock la gicatoi m hen 
the battery is discliaiged by sliding the wiie than when it is 
effected by immediate sepal ation I find that the shock fioin 
the induction spiral is moie poweiful when the ciicuit is biolcou 
veiy sho) tly aftei it has been closed, and I explain it in this man-* 
nei the fiist cun ent which is pioduced by closing the cuemt 
la not completely gone when the second begins, as the pioclucJ** 
tion and disappe nance of magnetism m non lequiies a coiLnm 
time The second cuiient theiefore meets Mith n conductor 
which IS being travel sed by a cuuent in an opposite dueclion, 
nnd piobably this change of dncction in the cuuent takes plaio 
more quickly in this case than it the conductoi had not btcu 
pieviously tiaversed by any cuircnt, as the tendency of the con** 
ducfcoi to letuin to its natural unolectiio state is aided by the 
action of the second opposing cuuent ISliding is nothing moic 
than a quick, often lopeated closing and bieaking of the ciiciiil, 
as may cleaily be seen m the dark, and hence its inci eased phy- 
siological action 

3 The action of the cm i ent in magnetizing steel comjpai ed mlh 
Its action in magnetizing soft ii on 

24 One bundled feet of wiie, sui rounded with silk and well 
varnished, was coiled 200 times round a wooden frame, m 
which were placed the needles (darning needles) to he magnet- 
ized, at right angles to the magnetic meiichan to which the \Mic- 
coils were parallel The free ends of the induction spuala, 
i^hich had been joined crossways, were connected by means of 
cups containing meicuiy with the ends of the wne of the fuime, 
and m such a mannex that when the galvanic cucuit was closed 
this connection was not established, but always on the lepoiitcd 
bieaking of the cucuit Ileacc the magnetizing action was a/ 
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ways exerted in the same manna y and not alternately in opposite 
diieciions The excess of powei in the bundle of ^\iies wns so 
gic^it, that even with seventy Allies one line in thickness m one 
spiial, and the cylmclci of soft non in the otlici^ the steel was 
magnetized in the diu ctioii of the cuiient excited by the bundle 
of ’Nines, although 110 wiics did not neiitiahzc the action of the 
oylindei in the galvanometei When the induction spiials ueic 
connected in the same diicction, and both contained bundles of 
Miles, I was enabled to inveit the polaiity of a well haidencd 
galvanometei needle It is gencially to be observed in e\peu 
men ting with such cinients, as is the case ui galvanometiic 
measuiementsMith fuctional elcciucity, that gi cat changes occui 
in the length of the oscillations of a picvioiisly astatic needle 

25 A hoiseshoe of soft non Mound lound with wiic was noM 
connected with the induction spirals The cuuent excited by a 
solid cyhndei, as Mell as that caused by a bundle of wiies, 
magnetized it in such a mannei, that non filings stiewed upon 
it stood on end, and a magnetic needle placed neai it was powei 
fully deflected With opposing cunents, the one of which was 
excited by a cylirfdoi of soft non, and the otliei by 100 wnes, 
when the magnetizing sjnnl with the steel needle and the hoisc 
shoo of soft non coveicdMith silkwcie simultaii con sly placed 
in the closed ciiciut of the induced ciuicnt, the soft non hoise 
shoe was magnetized in the diicciion of the fust cuucnt, whilst 
the steel needle was magnetized m an opposite diicction^ t e in 
the duection caused by the wnes Now, ns a continuous cm 
lent IS lequned to cloctio magnetize soft non, Mliilst steel is 
magnetized by the most sudden dmchaigos, this cxpeumcnlmay 
be consideied pictty conclusive m favom of the assumption 
^yh^ch follows fiom all the otlici facts, that i 7 i the cuiient in 
diiced by a handle of wii cs, a cei tain quantity q/ elects icily is cii 
culaiiny in a shoi lei time than when that quantity is set in mo 
iion by a solid cylindu 

3 Spai ksy heating effedSy and chemical decomposilion 

2G When the same muc is tinveised by Imo cuucnts on 
dilating in opposite duections, no spaik is pioduced on dis 
connecting the muc Mheu both cun cuts ncuUuh/o eaoh oihoi 
When thcieloic a massive cylmdci and a bundle of wire oppose 
each othei, and a spaik is obtained at the diffoiential mductoi, 
dimunshmg 01 incicasing the uiimbci ot wues the spaik maj 
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be made to disappear In this mannei^ however^ we should 
baldly be able to judge of veiy slight diffeiences^ as the cuucnt 
must have a ceitain amount of intensity in oidei to give use to 
a spaik when the ciicuit is bioken I theiefore pursued a dif* 
feient mode of experiment On a common axis of i otation tluce 
notched wheels were fixed^ two of which aie repiesented in the 
annexed woodcut By the side of each notched wheel, and con- 
nected with it by a coppei cylinder, is a dise, which dips con 
stantlj into a vessel con- 
taining meicuiy, whilst the 
notched u heel is alternately 
in and out of connexion 
VMtli the meicuiy in asimi- 
lai vessel thusapieviousiy 
existing metallic connexion 
IS in ten up ted This is the 
iheotome oi cunent mteuuptei which is now aofiequently used 
1 01 pioducing lapid consecutive disconnexion, which was in 
vented m Germany bofoie the yeai 1804, and is descubed m 
Aldinf s T) aitd du Galvamsme, i p 202, pi 6 figs 2 and 5 As 
tuo such iheotomea joined in an alternate mannei wiLli cacli 
othei, and intended to convcit an alternating cunont into one 
in the same dll ecUon, have been called a commutatoi, I shall call 
tluce similaily arranged notched wheels, intended to disconnect 
simultaneously two equal induced ciments tiavciaing two totally 
unconnected \urc8, a disjunctoi When all the tliiec notched 
wheels, which aie moveable lound then common axis by means 
of screw clamps, aic fixed in the same position, the flist ? s is 
connected by means of the mcicuiy vessel e, which is tians- 
versely peiforatcd uith a cylmducal hole, with the galvanic 
batteiy, the second p cr is connected with the induction spnal 
a /3, the third (Tj \\ith the induction spnal y S * 

We obtain, theiefoic, when the spirals aic empty, two pci- 
fectly equal cunents in distinct wires, then compensation having 


* Tlio disjunctoi, consisting of thioe notched whools, descilbod abovo, can 
like wise bo used for ascortaiumg wlmt tbo offeot is upon nii induood ourroiil 
yfhon It utculates lu a closed whro lor some tiinc nftoi its piocluction II tbo 
second and third wheels aio somowlmt altciod in position, tho disconnexion li 
not am to simultaneous, and we can then ascertain which of tho disconncotod 
wiies exhibits the most poweifiil phjsiological oi other action lor lesling 
the intensity of the spark quieksilvci is to bo picfeired, for other oflbcls the 
disconneMon is bettoi ofTected by pieces of mtei posed glass J h Is appai atus \\ 

constructed \oiy caicfully by M Wagnei 
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been pi eviously tested when these \^eie connected The cunents 
are also simviltancously inteuupted, as the notches leave the 
meicuiy nt the same moment If diffeient lods of non oi bun 
dies of wite are placed in the spuals^ the spailcs at each mtei 
mption, which bcfoie \Acie ahl e, will be diffcient hi this man 
tier it can he distinctly seen that a bundle of wiie Mhich had 
been pi eviously completely coinpenaatcd by a bai of soft non as 
legaids the galvanomctei, pioduces aftei scpaiation a much 
moie vivid spaik 

27 In the same mannci the heating effects can bo mca 
BUied by two clectiic thermometeis by uluch each of the sepa 
lated induction spirals is closed, and ih like mannci the chemi 
cal decomposition when connexion is made by two voltametcis 
With lespcct to these howevei no ineasmements have been 
made, it has only been ascei tamed that the heating effects, as 
well as those of chemical decomposition of the empty spuals, 
me veiy much mcieased by placing non lods and bundles of 
wiies within them 

4 Ijxpe) intents toith w on Uibes 

28 In some foimei expeiimcnts* I had sliovn that an elcc 
tro magnetic spiial, which sunounded an non tube of the dinien 
sions of a gun ban el was not capable of magnetizing an non 
cyhndei placed vithin the tube and vice vcisd^ tint n mo\ cable 
magnet, 01 a fi\ed electio magnet placed uithm this tube, did 
not excite any plimnomena of induction in the spiial \Uiich sui 
rounded itt It follows thciefoie that, with lehtion to the phoc- 
nomcna which we aie lioie examining, bundles of wne inclosed 
within gun ban els cannot inciease the action of these, foi they 
me ns much piotocted by then non cose fiom the magnetizing 
action of the spiial which closes the cucuit, as then inducing 
powci itself is incnpahle of affecting the spiial of thin wiic 
Still goon had pi eviously made the obseivation, that wncs in 

* J]ulki ih lAuad dc Si Peleish vjij 11 p 20 mn\ 21 peri 1 p 270 

I' Annlogoa« pliroiioinoiui may boobaoivod with liollow non lubes ich sm 
roniul aliftighfc stool ningnols nml wlucli may bo consuloicd ns kocpeis connect 
ing tho opposite poles ovci tbt wliolo peuphoiy of the imignet A steel mng 
nutfltting lightly into a hollow non oylindei' liming tho diinonnmn^ of a ean 
biiirel 01 still lluckci in mota) oxnibits no aetton on its oxtemai sinrnce 
1 lacod in a span) it scaioely iudneos any cimoiU auapondccl by Mlk both onds 
mo nttrnclod V poles of n magnet held ncai it it does not loliito when 
exposed to tho action of a lotating disc of cuppoi it ja thorofoie still more 
nLUtializcd tiian a hoiacshoo magnot is by a hU night keeper for tlu^ lofntoa 
allghtl} undoi llieae cnuimstniicos 
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closed within a tube of sheet non did not inciense its action 
If howevei the non tube nhich separates the elcctio magnet 
fiom the induction spiial of veiy thin melal^ and lias a consi- 
cleiable diametei^ then the shocks nic vciy peiceptiblo both when 
the tube is entiio oi cut open lengthways* A solid clcctio- 
magnet also^ one half of which is suuounded by an entne gun- 
baiiel^ the othei half by a gun baud cut open lengtluvays, 
does not destioy the equihbiium of two spnils which picMOusly 
compensated each othci with lespect to the galvauometei^ when 
one was enclosed by the entue and the othei by the cut giin- 
baiicl, whence it follows^ that m this case the discontinuity of 
the tubes is not an indispensable condition But with bundles 
of wiles the following phcenomcna aic obseivcd 

29 When an entue non tube, in its inducing action as le- 
gaids the galvanonietei, compensates the action of one that is 
cut lengthways, this compensation icmains almost eomploto 
when any numbei of wnes aie placed into one oi the othei tube, 

I G witli bundles of %^ncs which aie enclosed within entue and 
out tubes, the inducing action as measuied by the galvanomotci 
IS dependent entirely upon the enclosing non It is Iiowcvci 
diffeicnt as legards the physiological action In this ease the 
action of the wucs enclosed within the tube is ncaily desiioycd 
when the sunounding tube is enit'te^ but not when tlic tube is 
cut open 

30 The icsults thus obtained foi hollow cylmdcis having the 
dimensions of gun bauds aie somewhat modified when the 
tubes are made of sheet non As icgaids the galvanoinctei, the 
wires oxort an action tlnough them, so that, when wnes aic 
placed withm one of the cyliiideis, the galvanomctuc action of 
that cylinder is inoi eased When tlie welded tubes weio in 
serted one into the othei, and the same was clone with the cut 
tubes, and these latter weie so placed towauls each othei that 
the sections should coirespond, then the action of the wnes 
placed within them was obseived to be less than when they wcie 
enclosed in entue or cut tubes of simple sheet non 

* Upon one of tlio limbs of art oloctro magnet 28 inches in lengih, niul am 
rounded with 65 coils of coppoi who 2^ lines ii\ thickness, was placed a 
coil f)fv,nQ i inches 2 hues wide 600^ long and half a Imo tluok, and llio 
shocks of the cuuent induced by tins coil wojo Usletl wlion connoetion botwoon 
tho electio mngnet and the galvanic ciuront was biokcn I ho cuucnt lo 
mamed almost as poweifd whoa a oyhndoi of thin aheot non d6 linos 
wide, first welded and then cut open lengthways, was intoniosod botucen Iho 
electro magnet and tbe induction spiial 
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With an mciease of ihickncaa fcheicfoie m the non cnse> the 
action as mcasmed by the gnlvanomctci is lessened, and a me 
chanical division of the tubes bj cutting has no veiy maikod in 
fluence But cutting the tubes even vhen the metal is ihm 
pioducea an incioase, aUhoiigli but small, m the pbyaiological 
action Lastly, the physiological action of the wncs in a tube 
of sheet non is piopoi tionally small, but it is gieatei wbou the 
tubes aie ciU open than when they aie enii7e If foi instance, 
pliysioloyical cquilibiium has been cstabhahocl by any means be 
tween an enhie and a ciU tube, this ^\lll be dcstioyod nhen 
equally poweiful bundles of wncs aic placed m both tubes, and 
the shock pioceeds horn the cut tube 

5 Eicpe) imenl with closed a7id tincloml conduct mff cases 
containing bundles oj loire 

31 Of two bundles of wiiea winch compensated each othei, 
one was placed without any case m the wooden tube of the mag 
netizmg spiral, the othci enclosed in a tube of caiclboaid, louncl 
which was wound in moio than 200 coils of coppoi wno coioied 
with silk, so that the coils sunounded the bundle ol wiic 
thioughout its whole Icngtli Ihc pi ejecting ends of this 
spiial, which, to distinguish it fiom the niaqmlizmg spnal 
connected with the battciy, and fiom llic tnduclion spiiah siu 
loimding the foimci, and connccled by Uic human body oi the 
galvanometci, wo may call the enolosvng spiial^ could be con 
nected by a clamp, oi, to exhibit the socoiidaiy cuuoni in 
duced in them, by a galvanometci Ihcio wcic tom such caul 
boaid cases, tlio spnal m one ol them was iiqhl hundul^ lu llio 
second left handuly m the thud ha]/ light handedy half left 
handed m the (oiuih it was made up ol a wiio iolded and then 
twisted, and might Ihoiofoio bo considoicd as composed of two 
spiials wound in tlic same ducctiou but imsymmctucally con 
noctecl Ihe two last Bjmals wuo without action, both when 
then ends wcic oi wcic not joined, not howcvci the two lust, 
whence it dncclly follows, that the effect piodiucd by those must 
bo nseubed to an electric cun cut, whicli m the two Inliei was 
dnided into two halves tbal mutually desUoyed each oihoi 
Suppose the action of the buiulle of non wncs icplnced by that 
of an olcctio dynamic solenoid, it is easy to poiceivo that its 
coils would urn ueaily paiaM with Uio close coils of the on 
closing spnal, whcihei the lattci bo wound in a hkc oi in an 
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opposite dnection Judging fiom this it must be immatciml^ fov 
acutain given amount of polaiity in the bundle of luios^vhat di 
lection la given to the coils of the enclosing spual, and this was 
home out by the expeiimenta The lesults \ieie the following 

32 If one of two bundles of wiicSj which compensate each 
othei when both aie unenclosi^d, is placed w itbin a umfoimly 
wound sui rounding spiial with connected cxticmities, the gal 
vanometuc action of the lattei diffeis fiom that of the unen- 
closed bundle^ as does the action of a solid cylindci fiom that 
of a bundle of wiies Foi whilst galmnomeUic eqiiilibuum is 
haidly disturbed^ those chaiactaistic vihahons of the nOv.cUc 
OGcm winch have aheady been mentioned, and the pumaiy im- 
pulse alviays ocems in the dnection dependent upon the unen- 
closed bundle of wires The enclosing spiial, on the contiaiy, 
weakens in an cxtiaorchnaiy mannci the pliysiological cflcct, so 
that a poweifiil shock is peiceived aiising fiom the unenclosed 
bundle of wnes An entnc binss tube enclosing the bundle of 
wnes piesents analogous phenomena to those pi oduced by a wuo 
spual with connected extiemitics, a biass tube cut longitudi- 
nally IS however but little supeuoi in powei to a spual with un- 
connected ends The existence of the clectnc cunent which is 
on the point of being excited m such tubes can also bo vciihtd 
by the galvanometer when it is made to connect the cut edges of 
the tube 

33 The piopcrty of magnetizing haul steel is in i elation with 
the physiological action of the cunent Whilst seventy unen- 
closed wires, acting m opposition to the solid cyhndei, magnoii/c 
the steel needle m the direction of the cunent pi oduced by 
them, yet, when these wires aie enclosed in an entue biass tube, 
the magnetic excitation takes place m the dnection ol the cui- 
lent pioduced by the solid cylindei The longitudinally cut 
tube hkew ise dunimshed the magnetizing influence of the cm- 
rent upon steel, probably because, when it m filled with wnes, 
which paitially close the section, peiiphcucal cun cuts aie pio- 
duced, although of a moie impcifcct kind Wlicn the coppci 
spirals are exchanged for spiials of thin German silvei wiic, and 
the brass tube for one of Geionan silver, the retaiding action of the 
case IS also diminished When the bundles of waies me opposed 
to each other, the one in a closed and the othci m an open tube, 
then m magnetizing steel the action of the open tube is more 
powei ful than that of the closed tube 
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6 Expet imenis with inks of on dt'ics and with cyhndeis of 

11 on filings 

S4 As the dn ision of an non oyhndci by longitudinal sections 
paiallcl to the axis hindcia the foimation ^itiipliu teal eleciii 
cal cimentSy without inteifeiing with the pioduction of magnetic 
polaiiUj^ soj on the contiaiy tlic poweiful development of mag 
netic polanty is pi evented by ciosa sections at light angles to 
the axiSj whilst the pioduction of pciiphciical clcctiical cuiicnts 
IS 11 ), no way ictaided A column of non discs nunnged with 
disct^f papei between them can theicloio affect a galvnnomctci 
but slightly, on account of its small amount of magnetic polanty 
andfiom the facility with which elcctucal cuucnts nic excited 
in it, its physiological action must also be but slight, as the e\ 
peumonts have shown With a pile of non filings, the exoita 
tion of elcctucal cunents is at the same time hindered on ac 
count of the longitudinal scpaiation, it will theiefoie exeit a 
weak, though piopoitionally moic poweiful physiological action 
than the column of discs This is confiimcd by the expciimcnts 
in the foimei seues (13) 

35 The whole of the foicgoing expciimcnts load to tlio icsuU, 
that the metallic case siuiounding the wiic bundle (oi, as is tlic 
case with a solid non cylmdci, the conducting metallic sui 
face, combining all the single wiics into one metallic whole) docs 
not weaken the cuiioni induced by it, but only ictaids it, 2 c it 
spieads ovci a longei time the ncutialization of the quantity of 
electucity act m motion by the evanescent magnetism in the on 
dosing WHO, without decieasmg the quantity ilsdf llns letar 
dalion has no influence upon the magnclu needle, which adds 
togcthci the efTeots of the cuuent, in which case it is quite im 
matciml how long this addition lasts Ihc icmoval of the me 
talbc case, oi the fiequcnt icpeiition of the mfenuption to mo 
tallic continuity, is to be compaicd to the aocelciatcd motion 
pioduccd by an inductoi enclosing a magnet, whidi inci eases 
its physiological action without adding to the galvanomotiic 
effect 

7 Shock and spai ks on breahntf the cii cmi bg means qf spii als 

and eketio ma(/ntis 

When ihc view deduced fiom tlio simultaneous consideia 
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tion of the galvanometnc and pliysiological effects, that the 
increase of the latter on breaking up a solid iron locl into a 
bundle of wires is tobeasciibed to an acccleiation of the curient, 
not to an augmentation of the quantity of electricity set in mo- 
tion, is to be applied to the phocnomcim of that depart- 

ment within which the physiological effects only cun be sub- 
mitted to an accurate investigation, and not the galvanomc- 
tric effects, the application can only be wai ranted by a com- 
plete parallelism of the physiological phcenomeiia in both cle- 
paitments. Now the iibysiological action of the extra cun ent 
IS already made known by the experiments of Stuigcon* and 
Magnus 1, and is analogous to that of the secondary cun ent 
which we have been examining, for the foimcr has shown that 
the shock on breaking a galvanic circuit is siiongcr when, instead 
of a solid iron cylinder^ a bimdle of iron wires is introduced 
into the spiral forming the connecting wire; the lattci, on the 
othci hand, that the power of this shock is diminished when the 
bundle of uuc is enclosed in an entire conducting case. I tliore- 
foie only subjoin a few experiments, which show that it is not 
necessary for the metallic case to separate tlic bundle from the 
connecting wire, but that the same plucnomena occur when this 
case surrounds externally the wire clcctro-mngnei, and that 
spirals aie just as effective ns cases, u hence it is rendered more 
obvious that the letardmg cause is referable to an induced electric 
current. 

36. Spirals of insulated copper wire were wound rouiicl bun- 
dles consisting of fiom twenty-five to fifty iron wires, and with 
the electro-magnet thus formed and othci s formed of solid iron, 
a galvanic ciicuit was closed by means of handles. On breaking 
the circuit a brilliant radiating spark appeared, and a consider- 
able shock. The electro-magnets formed from the bundles of 
wires were now inserted in an entire brass tube. The shocks 
almost entirely disappeared, and the spark was very slight. 
The brass tube cut longitudinally, however, produced no change 
in the action of the electro-magnet; the spark retained Us great 
brilliancy, and the shocks their former power. 

The same results were obtained with the entire and cut gun- 
barrel when they sunounded the elcctro-magnctizcd bundle of 
wires, with this difference only, that in the ontiro gnmbaiTcl a 
* Amia!a of Electricity, i. p 481 | Pogg, Ann xlvlll. p 06 ^ 
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veiy slight shock \^as peiceivccl T-he same takes place with 
tubes of sheet non Enclosing spnals of coppei wne, which 
suuound the spiials^ have a siinilai influence in all these expeii 
ments to cut biass tubes when the ends of the spnals me un 
connected, but they act on the contiaiy as entiic tubes \\hca 
then ends aie connected 

Although the paiallelism of the secondai) cun cut and tlie 
extia curient cannot be tiaced furthei, yet it may be peimitted 
to assume it foi the galvanometuc test, foi as will be sho\ni 
heicaftei, complete concsponclcnce can be plo^ecl to exist 
between both ciuients foi the induced cuiient of the Ley 
den j 11 

II CuDenis %ndaced by the evanescent magnetism of electio 
magnet i td nods of non and bundles <f wnesi when the 
cm lent magnetising therms that of a iheimo battery oi 
the) mo pile 

37 If the poles of the theimo batteiy deaciibed above (6) aie 
united by a powerful elcctio magnet with wiie lines in thick 
ness> spaiks me peiccivecl on bieal mg the ciicuit, as when con 
nexion is made by a flat spnal of sheet coppei , at the same 
time the hoifaeslioe attiacts the keepei \eiy decidedly If the 
handles attached to the ends of the induction spnals which sm 
lound the elcctio magnet aic giaspcd in the hands pieviously 
moistened a shock is pciccived on bieaking the cncuit oi pile 
T.he shock of a bundle of wiies disappeais if it is enclosed in 
an entiie biaaa tube On the contiaiy, the galvanometnc nc 
tion IS m both cases alike Ihe shock appeals heie likewise 
moie intense w!ien the bieak gtiickhj follows the closing of the 

CUClllt 

38 T)ie shock on bieaking the cuciut in a dnect mannei by 
means of a connecting wiie of sheet coppci fmming a flat spual, 
IS pciceptible when the dischaigo is effected by platinum spa 
tulas thiough the tongue, and i$ very much mci eased by the in 
seition of bundles of wiies Tins last mcieaso of powei could 
not be perceived m the dischaiges of a batteiy with smallci ele 
ments, having the dimensions of one of Nobih^s piles foi mea 
suring the conduction of heat 

ihe cuiient inducid bj the connecting wuc of a thoimo bat 

K 2 
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teiy has the same propeitics thorcfoic ns that produced by the 
connecting wnc of a galvanic battciy. 


III, Cw'ients induced by the evanescent magnetism of electro- 
magnetized rods of iron and bundles of loiresy when the 
current magnetizing them is pi oduced — * 

1, By the approach of an entire copper wire to a steel 

magnet. 

2, By the appioach of soft non to a steel magnet, 

3, By the combination of both methods of excitation 

in Saxton^»s machine, 

39. Whilst a magnet at vest only exerts an influence upon what 
are called magnetic meialSi exciting m them magnetic polarity by 
communication^ the action of a magnet in motion is known to 
aflPect all the metals^ producing in tlicm electrical curients. In- 
stead of moving a magnet mechanically, magnetism can also be 
produced nnd destroyed in a stationary bar of iion by ilie ap- 
proach and lemoval of a steel magnet. If a powerful action ia 
rcquned>tlie wire m winch the electric ciuTeni is to bepiocluccd 
must surround with numerous coils the bar of iron which is to 
be magnetised. If the magnetizing is clTcctcd by the approach 
of a magnet to the iron rod, a mixed result is obtained pi oduced 
hy two excitations 5 for when the magnet approaches the iron, 
it approaches at the same time the coil of wire winch surrounds 
it. The effect of this approach must on no account be over- 
looked, for I have obtained with a machine constructed on tho 
principle of Saxton^s machine, the cylind) teal coils of which 
how&ver contained no iron, such powerful shocks, wlieu the hands, 
weie wetted and tho keeper quickly rotated, that it was diffi- 
cult, on account of the icaulting cramp, to open my hands. 
But there is a means of neutralizing tho effect produced by ilio 
approximation of the wire to the magnet. As a cuvrenl in nn 
opposite direction is produced in a spiral brought near tho 
north pole of a magnet, to that which is produced in a similai' 
spiral brought near to the south pole, it is only necessary to 
coil the wiic suiiounding the non rod into another similat* 
spual, and to approximate this empty spiral in the same manner 
to the south pole as the one containing the iron nucleus is ap- 
proximated to the noi th pole. Tho currents produced in the wira 
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by its appioach to the magnet then ck'^troy each othei com 
plctely, and theie icmains only m the wiie the effect pioduced 
by the magnetism of the non nucleus Instead of appionching 
two spirals coiled in n like diicction to both poles of the magnet^ 
t\^o spirals^ one ught^ the othci left handed, can be connected 
ciossways Upon this piinciple I had the following appaiatua 
constiucted 


10 The annexed diau ing ic 
piesents the lotatmg keepoi of 
a machine, constiucted m othei 
lespects upon the principle of 
Saxton^s by M Ocithng it 
consists of a wooden disc upon 
a rotating axis, upon u Inch are 
fiimly fixed two hollow coils. 



the uuo of each being 100 feet 

in length, and one thud of a line m thickness Into these 
empty wne coils § g atid r massive iron cylindeia oi bundles 
of wne d^ 13^^^ 6 m diametei, and 22'^^ 5 in height can be placed, 


and by a soiew s fiimly fastened to the transveise wooden disc 
of thekeepei To be able to connect both w no coils in the same 
01 alternate diiection the ends ot both coils must not bo immc 


diately connected uith the mtcuupiing uiangemcnt of the 
kecpei, but must icmam fice A connexion of these ends by 
wne clamps is not howevei convenient for, if they aie not veiy 
tightly fastened, and the kcepei lotates quiclly, they aic liable 
to be loicibly tliiown off I have theiefoic connected a contu 
vance to the kcepei, which, as it is intended foi compensating, 
may be called a compemaiou and which, by moans of two move 
able arms ^ a, admits of both coils being connected m the same 
oi in the nlteinate dnection, and also of only one coil being 


active In the flist cose, the aims lest in the figuic upon + +> 

:n the second upon , and m the thud upon | When 

the arms lost m the position h + the connexion is Ihcn^; /? « n , 

when m the position — — then it p b an^ and lastly, when 
they rest upon + — it is i a m which case it is immateual 
whether connexion takes place at the uppei oi louci plate 
4- “ and — + aie two small coppu plates placed one above 
the other, /3 is clamped below the uppei one, ct below the loMei 
one The point of lotation of the aim leads by means of p 




134 »OVE ON THE ELECTaiCITY OF INDTJCi'lON. 

to the iron loller upon which the inteirupiing spiinga allele* j 
point of rotation of the arm so leads by means of the whole 
of wire b a thiough n to the other. 

When the compensator has the position + +, and the 
arc empiy, a euiient is obtained induced by flie approach o^' 
closed conductor to a steel inognct. In the position of the 

pcnsatoi with empty spii ala, an equilibrium of cuirciib 

catablishcd for physical, chemical and physiological tests. ^ 
however, one ot the coils then contains a solid iron cyliiid*^'*'^ 
a oui'ient is obtained, induced by the sole action of the inagut**'*^ 
polarity produced in the iron cylinder. The axis of the 
must of course turn perfectly true upon a conical point, in 
cave conical hollows, because the masses now set in motion by 
rotation arc no longer aynimcliically placed with relation to 
axis of rotation. II, on the coiitiaiy, the compensator havi**t? 
the position + +, an iron cylinder is placed in each of the 
thou a ouriciil is obtained induced by the assumption of ninp:»'*'" 
lie polarity by these cyliiulcrs, and by the approach of a 
copper wire to a steel inagnet, pioducmg therefore the iii*-**^^ 
powerful action. As this airiuigement is the same as that ■* 

ally adopted in the consliuction of Saxton’s machine, I Ufi'vc 
made use in these experiments of that instiument, as it ib de- 
picted (at fig. 7) and described in the sequel, § 70 , in which tlie 
cross beam is also of iron, and the wive can bo so connected tltui 
both coils arc joined ot their two ends in n kind of parallel eon- 
ncxion. 

The cuircnl excited in this triple mannci in the wire coil« t>l 
the kcopci was now circulated in the innci spirals of the lliird 
diUcioiilial iiidnetor, of which the inner and outci spirals 
composed of wire 400' in length. This apparatus was so seiiH.! 
tivc when both imluctioiis wcie combiiiod, that a lube of tliin 
shed nickel produced a distinctly positive action, and the uef^n- 
tivcly disturbed cquilibrimii of the dilfcrenlial inductor coukl be 
traced by means of a bar of brass placed in one of the spiriilB 
connexion being established by the mouth. The cxperiinei'i U 
gave the following results. 

41. An unenclosed bundle of wive and one placed in ft r'tei 
tube vciy nearly compensated each other physiologically. Xf 

* 'I lie imiic ftctuiatc doiioiiiilioii of these lollois, dojHctod in Plato 1 7 

w, wi, will ho pucii iilienvuid"!, { 7<* 
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howevei, t]\e unenclosed bundle nets in a contiaiy dnection to 
an enclo ed bundle poweiful shod s aie obtained In gal 
mnometei a solid Don cyhndei moic than oveipoweied 140 thin 
non Muesj whilst thiity siKweicsLidicienito ictnm it in physio 
logical equihbiiLim Ihe physiological foi the following 

substances was ascei tamed by diawmg out the loda v\hidi weie 
opposed to each othci Ihe following is the seues^ beginning 
with the substance that eveited the most poweilul action — 

Unenclosed non bundle of wne 

Ihe same bundle m a longitudinally cut tube 

Cut tube of tinned sheet non 

Entile tube of tinned sheet non 

Cut gun hair el 

Entire gun ban el 

Soft iron cylinder 

Cylinder of white and giay pig non 
Soft steel 
Hard steel 

Tube of nickel and squaie bai of nickel 
Bundle of non wue in an entiie tube of biass 

This senes as also the whole of the phnenomena obseived, aie 
analogous to those whidi weie obtained when ihe iron was mag 
netized by means of a galvanic batteiy 

12 The two othei modes of excitation of the cuuent, on the 
one hand by means of an empty wne kcepei, and cods of wne 
connected in the same diiection^ and on the otliei hand by means 
of compensating coils^ m one of which was placed a bai of non, 
gave analogous results, namely, a shock when an unenclosed 
bundle of wue was opposed to an enclosed bundle winch com 
pensated it galvanometiically 

Umfoim lesults aie theiefoie obtained when the pumaiy cm 
lent IS — 

1 That of a galvanic batteiy 

2 That of a theimo batteiy 

8 That oi a Saxion^s machine 

4 That excited by the appioach ol a closed conductor to a 
magnet 

5 That excited by magnctuing non in an enclosing wne by 
means of a steel magnet 
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The phaeiiomena essentially differ from these when the pri- 
mary curient is that produced by the discharge of a Leyden jai. 

IV* Currents induced by iron winch was magnetized by the 
discharge of an electi ical battery 

43 » If a battery'^, to which a constant charge has been com- 
municated by means of a unit javj is dischaigcd through tho 
inner spirals of the differential inductor for frictional electricity 
(described § 8, fig* 3)^ the shock of the induced cimcnt in the same 
diiection with the pnmary current is obtained from tho secon- 
dary spiials, which are connected together m the same direction. 
Tins has been shown, independently of each other, both by 
Henry \ and by Riess J* 

This shock is modified when metallic substances are placed in 
the previously empty tubes. Whether the change which then 
ocems 18 due to an increase or decrease of power it is difiicultto 
detci mine, when the modification is but slight, and other methods 
of testing it aic requisite in older to anivc at a safe conclusion. 
When the secondary spirals arc connected crossways, an cquili- 
hiium of the currents is established for all the methods of test- 
ing which are here applicable, and this is immediately destroyed 
by the inscition of a metal into one of tho compensating spirals, 
But the current winch then appears does not deflect the needle 
of the galvanometer^ for, when the revo^jitions of the wire which 
are wound upon glass are insulated lu tfie most careful manner 
from each other, by vainishing the wne already covered mill 
silk, sparks will constantly pass fiom one coil to the others 
the current tested with iodide of potassium exhibits no chemical 
decomposing power, nor does it magnetize soft iron in such a 
manner, that a magnetic needle placed by the side of it is de- 
flected, or that iron filings stand on end when spiinklcd over it. 
For ascertaining the direction of tho current, thcicforc, there 
remains no other means than the process proposed by M. iliess, 
by which resinous figures arc obtained^, or that by moans of tho 

* Dilfoi ont battcuca woio employed U\ tbo expoumoats, some consisting of 
smnlloi, some of laigei jnis* tho number of tbo jura wns also ohAngocI, but not 
m tho same senes ot expeimionta Tho results ohtamctl fiom thoBO (lillbicnt 
bntioncs weio nil in iitiiBon 

t Tinnsaf'tions of Iho Amouoan Philosophical Socioty, vol.vi* p 17 

I l^iggondoilTN ///mflf/r/i, 1 p I § Ibtd h p IlSIh 
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conclensei and also a physiological test, to winch I was led in 
the comse of the cxpeumcnts The following aic the lesults 

1 Physwlogioal and ekcb oscoptcal eOeois of the mdnced cm rent 

41 fhe physiological action of the cm lent induced m the 
secondaiy wue by the connecting wne of the battciy is dimi 
mshed by all immagnctic metals, and so much the moic the bet 
tei the metal conducts This dcciease of powci is theiefoic 
much less with antimony, bismuth and lead than with coppei 
and hi ass With pi eviously compensated spiials the shod ob 
tamed is therefore so much the moic poweiful the bettu the 
metal conducts which is placed m one of them Ihc cm lent 
tested by the condensei and by the lesinous flgmes pioceods 
fiom the empty spual, the resulting shock is theiefoic caused 
by the weakening influence of the metal upon the spiial in which 
it IS inserted 

45 If, instead of a solid metallic cylinder oi a metallic 
tube, a caidboaid tube suuounded with a spual wiic made of 
coppei and coveied w ith silk is insei ted into one of the connecting 
spiials, the equilibiiiim of the cuiient icmains ummpaiied in the 
secondaiy spiials when then ends aic not joined, but it is do 
stroyed when then ends me connected A spual loiined of a 
once doubled wire which may be consideicd to consist of two 
like spiials united in an opposing cliiecUon, does not destioy, 
when the ends aie joxnedy the cquilibiium of ihc cun cut m the 
secondaiy spiials the effect of the fiist wuc must theiefoie be 
attiibuted to an elcctncal cuncnl excited in it, the inactiMty 
of the second to the mutual iicutittluatiou of the dcati iicLivo influ 
cnce by two equal electiical cm i outs 

46 jSuch electucal cuuonta must also exist in solid cvlui 
ders and entire tubes, foi the effect of the ioimei is diminished by 
a longitudinal division % e by ihc con^elSlon of the hi ass cyhii 
del into a bundle of well insulated biass wnes the eficcl of the 
lattci IS also weakened by a lougitudmal section Bundles of 
brass wires exeit a less obstiuctive action than an entue tube of 

* Iheso and a few otliois of tlio following cxpouincnts I lUfititulod m com 
moti with M lliesB who poimittcd me to make uho of Im nmmiatuB Joi tiiut 
pill pose The modes of pio oeding pioposed by 1 iicniotli and Jonlo by moans 
of a pcifoiatcd caul and tho passing of u spiuk with iho who ondrt iiojcctin^ 
o^cl each othei weio imulo known at a lalti poiiod 
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nuu'h less musa of metal, the tube and the bundle being alike in 
ovLeiual oiicunilercncc. A aimplc method of testing whether a 
mctullic hni- placed within one of the tubes deahoys the physio- 
logical cquihbrmm of the curient in the secondaiy spiials by 
weakening the action of its spiral, is that of placing brass wires 
into the other empty tube, ncei tain number of which musteven- 
tiiiilly restore the cquilibiium winch had been distmbed 

47 . b'orged iron, aoa and hard atccl, white and giay pig non 
in the form of solid cylinders and j od9, and also in 

the form of entire tiihcsy ns gun-barrels and toelded tubes of shed 
rroH) all weaken tho physiological action of the induced cur- 
rent. The snino is the case with piles of discs of steel, of forged 
non and of tinned sheet iron, both when tliey are arranged 
with insulating and conducting discs between them. The cur- 
lenl piodueed by forged non and steel, tested by the conden- 
ser aiitl llie remuous figures, proceeded from the empty spiinl. 
The Meakening iiilliiencc of forged non, steel and pig iron, is 
however dilVercnt; for with two opposing cylindeis of dificr- 
ent kinds of iron in the compenaated spirals, vibratory mo- 
tions arc always observed on an insulated preparation of the 
frog. 

<18. The physiological action, on the contiaiy, is increased 
hy longitiulinally cut giin-barrels, and particularly by well inau- 
lulvtl bundles if iron toire. A shock from the similarly connected 
secondary spirals that ivas perceptible m tho joints of the band, 
exleiidctl to tho mithllo of tho upper arm upon the insertion of 
two such bundles of wire, but it was so weakened by the inacr- 
lion of two cylinders of wrought iron, that it could only be felt 
in the c\lrcmilica of llie band. The current tested by the con- 
denser and the resinous figures, with compensated spiiuls, pro- 
ceeded from lhal spiral in which the bundle of wiie was placed. 
IIcu) then Ihoic is a maikcd distinction between the inducing 
aeliou of iion depending upon the manner in which it is mng- 
neli/.cd, w'lielher hy the current of a galvanic battery, or by that 
jiriidiicod by Ibe discharge of a Leyden jar. Tho inducing no- 
tion ol the spiral-slinped conneoting wire of a galvanic ballciy 
upon a Hcconclary wivo is increased when iron in any shape is 
instiled into it, whilst the connecting whe ol a Leyden jar has a 
less powerful inducing action upon a secondary wne when a 
Molul iron lod is nisei ted m it, than when it is empty; and 
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on the eoniiaiy, the mctiicinfj notion is gieatei when this non is 
used in the form of a bundle of u ue 

49 A bundle of msulatcd non wiie^ howcvei, uhich is sui 
lounded by an entne hibe of biasSy has the same action as a 
solid nonoyhnde}y% e it weakens the shod of its spual^ and 
a cunent IS pioduced pioccedmg fiom the em 2 )iy spnnl Ihc 
same IS the case uheu it is suuoundcd by a spij al of coppu %oii e 
coiled thioughout m the simc diicciion;, and connccltd at the 
ends It also shows i weakening action^ though this is but 
veiy shghtj ^\hcn this apiial is a bad conductoi^ composed of 
Geiman silvei foi instance, and it is nol impossible that, Mith a 
gieatci numbei of uues in its inteuoi, nndathmnei spiialwiie, 
the action might be pioduced m a continiy dnecUon A apnal 
fomed ol a doubled coppu wue with connected ends, is likewise 
hexc \Mthout eftect, foi a bundle of wuc enclosed within such a 
spiial letams m equihbiium an %(,nenclosed bundle of vvnc in the 
othei tube 

50 A solid rod of nickel pioduces hmdly a peiceptible 
physiological action \Mth compensated spiials TJic cunent 
pioduced by it, howevei, tested by the condensci and the le 
sinous figuies, pioceeds ftom the spiial in which it is placed 
Solid nickel theiefoie, increases tlic inducing action, whilst 
solid lion dec) eases %i 'The pieviously existing pohuity ot the 
nickel has hi cwisc no effect upon it, foi the diicctiouof the oui 
lent lemains the same nhen an opposite position is given to tlic 
bai of nickel in i elation to its apnal With varnished nickel 
wnes we may theiefoie expect a still moic maiked inuease ol 
powci 

^1 All the facts heie established aic independent ol the icUi 
tive position of the connecting spnal, the secoudaiy apnal, and 
of the cylindei to each oilici, hn they wcic obtained m the 
same mannu when the baltciy was dischaigcd ihiough the ouUt 
spiials, and the induction tested upon the innei spiials 

52 lo asceitam whclhei a lod placed in one ol the tubes m 
c) eases the physiological action non wiics maybe placed in the 
othei tube until cquilibuum is again established, whilst m the 
case of the inscitediod dcci casing the action, the diatmbed equi 
hbuum must be restoicd by the nisei Lion of wnes of a non mag 
netic metal, such as buiss i/m wpcs must bo chosen foi such 
testing expei iments , foi, as a single wiic may be considci cd as a 
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cylindci’, which, from what has been stated before, iind 2>articu- 
larly when it has a ceitaui thiclcness, has a weakening effect, 
tliorc will bo, for wucs of a definite thickness, a ccitain number 
which is quite inactive. Such an inactive combination of wiics 
of the thickest kind of wire was actually very ncaily obtained 
for a certain battery chnigc. This number must tlicicforc be 
exceeded w'hcn wnics arc chosen for testing the incicasing action 
of another substaiico, and the number must be ascertained by a 
lircliininary cvjicriment, 

2. Hted mAffneiJsed by the induced current. 

To avoid anomalies, thick needles were chosen, and the lenylh 
<{/' the wire remained unchanf/ed, a constant charye was always 
cominunicntcd to the battery by means of a unit jar. 

53. If the oquililniuin of tlio ciiricut is destroyed, with oom- 
jicusaling spiials, by the insertion of a conducting subslanco 
into one of the spirals, the jiolavily of a steel needle magnetized 
by the cm rent in excess shows, that the current proceeds 
from the enqity spiral when the inserted substance* is a foil of 
indium, iiluliiuim, gold, silver, or a rod of coiipcr, brass, tin, 
zinc, lead, or an alloy of 1 copper and 1 bismuth, of 3 copper 
and 1 bismuth, of 3 copper and 1 antimony, of 1 zino and 1 
bisinufh, of copper, tin, load, zinc and antimony, of lead and 
iron, of brass and iron, of boll-metal j lastly, strips of copper and 
antimony melted together crossways, of bcll-mctnl and antimony, 
of antimony and bismuth. The equilibrium of the cuvicnt ic- 
maincd undisturbed when this rod was comiiosed of antimony 
or of bismuth, or of an alloy of 1 bismuth and I antimony, or of 
.3 bismuth and 1 antimony. On the contrary, the polauty was 
in the direction of the cm rent ^irocccding from the filled spiral 
Avhen it contained an unenclosed bundle of toirCt or one enclosed 
111 an entire lube, or a column of steel, iron, or tinned iron discs, 
a solid cylinder of forged iron, of solt or hard steel, of wlutc 
or guiy jiig iron } and lastly, a lod or tube of nickel. A division 
of the inaHH of iron into wires increases in an exlrnordinaiy man- 
ner till' magnetizing effect j for bundles of wire opposing cyluidois 

* ‘I'lio ri'KiillH witivli \voi(> ohlimicd wliPii timl niulnl, wliiulii in lliu foiin uf u 
mil, wiiH non innjinctic, won iiiHuitcd into llio mngncli/ing ii)iIrnU in ilia ronn of 
on iiiniilntvd Imnillu »l wiie, will lia given ultoiwAuU nl $ (12. 



Dovr ON am ni^ncaiiiciiY oi induciion lU 

of foiged iron, steel and pig non m the othci spual, letain thou 
moic po^^e^fl^l action when the mass opposed to them is many 
tunes then own mass, fomleen insulated wins /O in diame 
tei compensate exactly the cylindci of foiged non If hoivevei 
the moie poweiful bundles of wiic aic uicloscd in cnliic biass 
tubes, the same solid cylindci s then oveipowei them in then 
magnetizing action 

In 1 elation to the mmjneii^ing of steel needles iheicfoic, tlic 
phoenomcna aio quite analogous, whcthei the magnetizing is 
effected by galvanic oi by fnciional elcctiicity, and tlmt dillci 
ence which was obseived in the phj siologioal cflccls la no longci 
heie pciccptiblc, t e non inivhatovci foim it is used, oi m what 
evei mannci it may have been magnetized, inci cases the magne 
tizing action upon steel excited by the cunent induced m the 
secondaiy wiie by the connecting iviic, whilst, when the non is 
magnetized by the dischaige of a batleiy, it only mci eases the 
physiological action of the spiial when it is divided into wucs, 
01 is m the foim of a longitudinally cut tube, on the contiaiy, 
it effects the same undei any foirn when it is magnetized by the 
influence of a galvanic cm rout 

3 Calonfic action of the induced cui > cut 

The heating influence of the induced ciuicni is independent of 
its ducction It was theiefoic mcasuicd willi a single pan o( 
spuala, winch was employed empty, and into which the sub 
stances to be tested could bo inscitcd An elevation of icmpc 
latiue points til 01 efoie dneclly to an mciease o( powci in the 
cuiient, a diminution theieof to a dccicasc An olectiic air 
theimomctei and a Bieguct^s metallic thoimomciei wcio em 
ployed foi mcasiuing the tempemtme 

61 When magnetism is pioduccd hy fnciional tleciitcih/^ 
the mcasuied calonfic effect of the cunent induced in the sccon 
dary wue by the connecting wno is toeaktned both by bundles 
of iron w lie, by lion bais and by nickel, then action is theicfoie 
the same as that of uninngnctic metals, in which the same has been 
dcmonstiated by M lliess If howcvci the pnmaiy !rtiagnetf 
zing cunent 18 that of a galvanic baituy, masses of lioii c^nd 
bundles of non wiics mcieasc the calonfic action of th 6 induced 
cunent 



112 


DOVE ON HIE riIuCaRlCli\ or indochon 


4 Induction ene) iecl by the connecting ton e of n Leyden j a) 
til^on itself 

55 This, to my kno^Uedge, luis nevu yet been expeumentally 
piovcd It may ho^^ evei easily be done in the follon ing inannei 
— If m n (Phte I fig 5) icpiesents the connecting wiie of n Ley- 
den jai, and a b the spiial poition oi it, c h h d a secondaiy con 
nection which, by means ot the handles h iseficrled tlnough 
the body, a ‘^ihock is peiccived at the moment a sptnk passes at 
n, this hovNcvei is not the oase when the secondaiy connexion 
is made as rcpicsented iii fig 6, even when the cli^^tance fiom 
h to h IS piecisely the same in both eases In the foimei case 
the spiial poition ot the connecting wiic is closed by the body 
connecting h with A , m the laitei it la not so If the shock 
wcie pioduced by a division of the cinicnt, it must inevitably 
occui m both cases As this is not the case, it must be the 
effect of a line induction The powci of the shock is inci cased 
veiy peiceptibly by a bundle of wuos A cyhndci of nickel 4 
inches long and inch thick was now limited, without cn 
ablingme to asccitain in which diicction the change was effected, 
as the powei of the shock lendeicd it compaiativcly small 
The inseition of a solid non cjhndci, howcvei, maleimlly 
weakens the shock, as docs also the inscition of a non magnetic 
metal A closed secondaiy spiinl suiiounding the spual poiUon 
of the connecting wue coiisideiably dcci cases the powci of the 
induction shock of the connecting wnc, but veiy htilc howcvci 
when it IS composed of two pieces unsymmctiicully joined 
With the caloiific test a dccieasc is obscived at the secondaiy 
connexion on the inseition of non in any foam, but an incicasc 
in the iiowei of magnetizing a steel needle The induction of 
this extia cuiient is theiefoic identical with that of the secondaiy 
cm lent in sepaiatc wnes 

5 'Results of the ecopeiimenis with electro magnetized non 

56 If the results which have been obtained by mngneii/ing 
lion with electricity from diffeient sources be collected into one 
geneial view, we find that — 

a lion in the form of solid lods, of cnlue oi longitudinally 
cut tubes, of insulated bundles of wnes with oi without con 
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ducting caso8 oi in tlic foim of piles of discs, moieovci, foigecl 
uon^ soft and luud steel white nud giay pig non and nickel, 
when cleotio magnetized by the ciuicni of a f/alvanic hatiuy^ a 
theimo baiUuj^ a Saxtons machine^ by the appioath oj a closed 
wvi e to a magnet^ and lastlj, by the action oJ a piece 0} 17 on ap 
pioachng a steel magnet vp 07 i a closed wi 7 e lohich swiounds tty 
pioduces elcctiie cuiients mawucwhich suuounds it ^^hen 
this magnetism becomes Lvancsccnt 

b Tlhe inducing action of the same mass of non as a coniinu 
ous whole IS in gcneial veiy diflcicnt fiom the action of the same 
mass of non when it is divided into wucs this diftucnce how 
evei vanes in 1 ind, accoidmg to the lAode by winch the non is 
clcctio magnetized 

c When the non is magneti/cd by the connecting wiio of a 
galvamc haiieiyy a Ihetmo batteiyy 01 by a magneto ekctucal 
ciuient, in eitl^ei of the thicc modiflcations distinguished above, 
the galvanometnc action of the cuiicnt pioduced by the ovanes 
cent magnetism on bi caking the cucuit, icmains the same when 
the non is bioken up into bundles of wncs, as clots also the pio 
peity of this cuiiciit to magnetize soft non nhiht on the othei 
hand, its physiological action, the spat hs u Inch it gives 1 isc to on 
being mteiuiptcd, and the magnetism pioduced by it in steel, 
aic much moic poMciful If the bundle of wncs is suiiounded 
by a conducting case, as an tnliie tube 01 a single coiled spual 
with CQtxnected ends, its action is that of a solid bai of non 
If, on the coutiaiy, the ease is not enlitCy 1 e consists of a lonyi 
iudmally cut tube 01 of a simitly coiled spiial with unconneited 
ends, it acts ncaily as po\icifutly ns an unenclosed bundle A 
spual composed of a doxibltd eoAe& nmic suuounding the bun 
die of ^M1C8, and liaung its ends tonnecledy is as inactive as a 
single toiled mte \Mth untonnecled ends If the mass ol non is 
divided by sections at light angles to its length into diseHy the 
cm lent induced by tins pile of discs is vciy much weakoi in its 
physiological action 

d riic diflcionccs which have just been noticed between non 
lods and bundles of non uncs attain tbcu maximum when they 
aie magnetized by the dischaige shock of a T cydcii jai A spual 
wne with a nucleus ol non, foi instance, induces a moic powoiful 
cuuent in n sccondaiy spual suuounding it as icgnids the phy 
siological, magnetizing, galvanometnc, heating and chemical ac 
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tions, than an empty spiial wue without an non nucleus, when 
the galvanic cuiient \^hicli magnetizes tins non ceases The in- 
Cl ease of physiological action on bi caking up this non nucleus 
into ^\ncsJ and the gieatei degiee of \mdncss of the spaiks of 
the induced cm lent, as well as the iiici easing intensity of the 
magnetism in a steel needle polaiizcd by the cuiicnt, aio tlieic- 
foie due to an augmentation of the action aboaihj tedhy \X\(i 
solid non The inducing action of the empty spiial which is 
tiaveised by the momentaiy cuiicnt pioduocd by the dischaigc 
of i Leyden jai is eatei^ as regnids tlie physiological and elec 
tioscopic actions of the seoondaiy cuiient, than when a solid 
non nucleus is contained in it, it iq less potoeiful howcvei than 
that which is pioduced by the mseition of a bundle of non \Mrc, 
a longitudinally cut non tube, oi a solid lod of nickel If the 
bundle of wue is suiioundcd with an entne case, the bundle 
which pieviously e\eited an augmenting action now acts as a 
solid lod, ^ G has a weakening effect Thb heating effect of 
the secondaiy cuiicnt is on the contuuy diminished both bj 
solid non and bundles of wiie, indeed by non m cvciy shape, 
as well as by unmagnetic metals the capability of magnetizing 
steel 18 inci eased by non and nickel in eveiy loim, but it is di- 
minished by solid lods of unmagnetic metals 

e If the connecting wue of the galvanic ciicuil oi of the Ley- 
den jai cxeits an inducing action, not upon the secondary wue, 
but upon its own paiallel coils, tins extia cunonb exhibits to all 
the tests that could be applied the same relations as the se- 
condary current 

f The influence of conducting cases la caused by an clecUical 
cuiicnt induced in them by the connecting wue, which can be 
shown to exist m them, by connecting the edges oi the longitu- 
dinally cut cases by means of a galvanometei, oi some other 
kind of iheoscope The same is tiue of the ends of enclosing 
spnal wiies, which, simply coiled, exhibit a cuiicnt when thou 
ends aie connected by the galvanometei, but on the contiaiy, 
show no cm lent when they are composed of a doubled wue, and 
then closed by the galvanometei Tubes and enclosing spiials 
weaken the physiological action of the bundles of wue contained 
within them, so much the more the bettci the substance con- 
ducts of which they aie composed With solid non rods the 
surface acts as a conducting case enclosing an insulated bundle 
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of Wite Hence it la cxphmed whj nickel m the foim of a 
solid lod, magiiefcucd by the disclnige of a Leyden jai, has 
a moic powciiul inducing action than non It has the same 
nctioii fts ft bundle of 'vviie in n b'ldty conducting CT.se non acts 
a bundle of vmio in a case composed of t good condnctoi 
y 1 he cuiient induced by an unenclosed bundle of u iie attains 
aoonci its maximum intensity than that induced by a solid 
non lodj oi by a bundle of wnc contained in in entue case, 
Mlien the quantity of elcctncity set in motion by both is the 
same, foi, Mith two cmients Yhich compensate each othei in 
the gulvanometei, the needle assumes an oscillitoiy motion, fust 
moving in the diuction of the cuiient fiom the bundle of \iue, 
then in favoui of that induced by the solid non Toi the 
same leaeon, cqmlibimm having been established in the galva 
nometer, the foimei ciurent is moie poweiful than the lattei m 
its physiological action, in the propeity which it possesses of 
magnetizing steel, and in the production of moie vivid spaiks 
Cast iron exeits a moie eneigetic physiological action than 
could have been anticipated from its action on the galvanometei 
It 18 theiefore moie allied in its inducing action to an insulated 
bundle of \Mre than to malleable non 

t All kinds of non pioducc moie poveiful induction cmients 
on repeated electio magnetizing when they aie magnetized altci 
iiately in opposite duections, than \iheii this is always effected 
in the same duection Ihey all letain a portion of the mag 
netism excited in them, and theiefoie undeigo a moie poweiful 
magnetic change uhen alternately magnetized in opposite duec 
tions, than uhen the same duection is always pieseived 

6 Some iema)l(8 idaimgio ike iheoiy of Ampere 

57 Starting from the axiom that electiic cm rents flowing 
m the same duection attiact each otbei, whilst they lepel each 
otliei when flowing in opposite diiections, Ampeie has shown 
that every magnetic action can be traced to the action, of closed 
electrical currents Ampere has gone a step fuithei, and has 
pioclaimed the xdenhty of electro magnetic and magnetic phoeno 
menu, and assumed, consequently, that an electric current cir 
culates lound every molecule of non, which curients are in van 
able directions in unmagnetic iron, and assume a parallel di 
lection under the influence of a magnet or of an electrical cur 
von V 1 VHT wii ^ 
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lent This assumption has gained piobabilily by the cliacoveij 
of magneto electncily, foi cvoiy magnetic action of m eUctiicil 
cuiient, when it is pioduced by some othci means Umu an 
electiic cmientj gives use to an clcctiie cuiient iii au oppo 
site duection to that euuent winch would itself lia\e tnoduced 
it The moie numeious, howcvcij the points of coincidence 
in both depaitmcnts oic, the moie neccbsaiy it la to point out 
the phenomena nhich appeal to be incompatible with then 
identity 

In the fiist phee^ as legaids the occiniencc ot inagiietio po 
laiiiy by the influence of an clectiie emunt^ it icsuUs alwajs 
undei such conditions as nev(^ give use to clecliic (iiiionts 
Foi in electuc ciuicnt excites in a conductm placed by its 
side anolhei quicklj subsiding clcctiie ciuunt only when it 
begins and when it ctas(S) not liowo\ci dm mg its (onhimana 
It pioclucca magnetism, on thccontiaij, duiing the whole turn 
of its continuance, in a piece of non jihucd by the side of it, 
which attains its maximum in an appiceiable spate ol tinu 
The peuphencal clcctnc cniicnts, supposed hypothelKallj bj 
Ampeie to smiound the molecules of non in oidci to cxidain this 
magnetism, ditlci thciefoie, on the supposition that they aic now 
toi the fust time pioduced, fiom all known clcctiie cun cuts, 
inasmuch as they aic pioduced dm mg the (ontinuance ol au 
electuc cuiient, ^ c they occiii undei conditions whcie no 
othei electuc cuiicnts could be excited 1'his difiiculiy 1*5 
avoided by the theoiy, on the giound, that c%iHlin(/ cuucnis on 
culatmg lound the molecules of non aic only dt? tried and not 
pioduced by the external cun cut Hut then the pha^noincnon 
that an electio magnet letuins to its unnmgnetic state, when 
tlie piimaiy magneti/nig cun cut ceases, is without analogy in 
the oihci depaitmcnts A polaii7cd lay of light leinmns t^ohu 
i/ed when it is lomoved fiom the acti\c agency of tin ictkciing 
Ol 1 efi acting substance the oscillatoiy dncctions of ilu jim tick s 
of aethei winch have b( conic paiallcl lemuin paialkl wlun Ihcj 
liave once become so loi what icason then du the (hmenlaiy 
cuiicnts which have become paiallcl ccasi to lx paiallelwlun 
the euuent which bi ought them into this puallcl diuction 
ceases to flow ? ioi they themselves can have no tcuckncy to di- 
gi css horn thdi pai did dncction The cause of tins jdu no 
mcnon, be it what it may, must nc\ c i tliclcss lu, iiccouling to Uic • 
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hypothesis of an eketne nuiuic AVheicfoic then is it not cou 
nccled Mith the po\iei of conduction of the metals^ 

58 Ihe infci cnees to be diwii fiom tlio c\pciimcnts in this 
mcinoii, when viewed without any picconccivcd hypothetical 
notions, aic that when non is clectio ina^^ncti/cd, tMo plncuo 
incna icsuli which aie opposed to each othei^ namely^ the cxci 
lation of elcctiic cuiients, and the pioduction of magnetic 
polaiitj In the icscaiches iihich have hitheito been made in 
tins field of inqiuiy the cfiTcct of the magnetic polaiization al 
A\ays ovcipoweied the obstiiictui^ mflueme of the clccUic cm 
lents pioduecd at the same time we obtained theicfoie, by pio 
venting moie oi less the foimation of these lattci, mciely an 
augmentation of the effect aheady pioduecd by the maguetio 
polaiization Ihe expeumenta instituted with the aid of fne 
Uonal cleotncity showed, nndei the same ciicumstancea, a com 
plctc loveision of tins action into that of an opposite natiuc 
This level Sion, bowcvoi, does not take phoe simultaneously foi 
the physiological action of the induced cuuents, foi then mag 
netizmg piopeitics and then caloufic effects so that the same 
cxpeiimental aiiangcment which lendcis moie poweifiil one of 
those effects exeits at the same time a weakening influence upon 
anothei Consequently all explanations whicli wcie advanced to 
explain one of these action m its dillcient modifications alone 
aie set aside Now as it does not appeal advisable to call by 
tlic ame name and eonaidei identical two foieca of natiuc, the 
one of which bCj^ins to act imdei conditions in which the olhei 
uevei occius at all, and winch, when they aic both simuUane 
ously active in the same body, so oppose each otlui, that some 
times one, sometimes the othei picdonuimles, 1 think it moie 
appiopimtc to consulei the magnelie polnii/ation as not only 
an independent but m an opposing agency to the clectiic cm 
iciits excited lu non 

Ihe explanation of the ph eiionicna which have hcic been ob 
seived would then be the following — > 

59 Xhe piimaiy active clceliic emicnt tiaveismg a spnally 
coiled wile which sunouuds the non pioduccs at the moment 
m winch it commences elcctnc cunepts m the non diiung its 
continuance it causes magnetic pohuty, Avlnch is moie taidily 
augmented than that cm lent md in Uu moment that it ceasia 
m clcduc cuuent is Uj^am pioduecd Ihc second clcctiK 

I 2 
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current pioclucecl on the ceasing of the piimary current^ and 
having the same direction with it, acts iii a conliary diicction 
to that piocluced by the magnetism If the magnetism has 
had tune to develop c itself during the longer coniinuaucc of the 
ciurcni^ as is the case with galvanic m ague tiv.at ion, its aciiou 
oveiTioweia the opposing action of the electric cm rout jno- 
duGcd on the cessation of the pi unary current. All means there- 
fore that aie used to hinder the formation of clectnc cuiicuts^ 
inciease the action already excited by the solid iron. If how- 
ever the piimary cuuent is of an exceedingly transient natuiCj 
as that caused by the dischaigo of an electric batteiy, and the 
magnetism has consequently not time to devolopc itself com- 
idctely, then the cleciuc current produced on ilie cessation of 
the primaiy cuirent ovei powers the action ol the evanescent 
magnetism’ . The dissolution of these elcciucal cun cuts by 
bi caking up the mass into wives, m the obstiuctiou to their for- 
mation by a badly condncUng muss, as nickel, completely ic- 
verscs tins action, for the excess which bofoic this scpauition 
was in iavour of the electric cun cuts, is now brought in the 
first instance in favour of the evanescent magnctisim But tlic 
limit of cqullibimm for both is not the same foi the calonftc, 
the physiological and the magnetr/mg actions, because the de- 
pendence of each of these upon the intensity of the evanescent 
magnetism will be different from then respective change by tho 
opposing electric cm rent; for the magnetizing action, tlic 
power of the evanescent magnetism will btill lemain predomi- 
nant, when for the calorific effects the eloclrio cm rout is tho 
moic powerful, and the physiological plumiomena fall on both 
sides of this line. 

Ampb^e first considered a magnet as an iron lod which ivas 
peripherically suiionndcd by clectiic currents. As, however, 
accoidmg to Coulomb’s view, wc can only account for Ihc distii- 
bution of magnetism in an iron bar by suppobing it made np of 
lineai magnetic elcmeniaiy lamelltn airangcd side by side, Am- 
p^ic substituted for his first assumption an clcclro-dynanuc 
solenoid, the most nearly appi caching realization of winch is nn 
eleclio-magnetizcd bundle of wiics. But to resolve the inducing 

At § 77 the sfiiTie losuU la ohlaaiGd hy olhoi moans with mnqncto uloclnci 
induction, namely, weakoiiing tlio phyaiologicul action of a cinuml liy ihi* in- 
bcilion ot muBsivc non, and iiici cabin y tho imnio hy hnndlos nl non wiil, , 
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nctiou of a solid electio magnet into tint of a bundle of wiies, 
the lattei must be suuounded by a conducting case A solid 
clLctio magnet ^vould then be non, in uhich besides the elec 
tiic cun cuts lunning paiallel to each othei lound the mdividual 
paiLicItSj the uholc is moieovei suuounded by peiipheiical cui 
icnls The clcctio magnetization of non would then be an ni 
inn^unent of aliendy existing electuc cuiients, and besides 
this, a pioduction of neu cuiients^ and moicovei of a difteient 
kind; as tbo action of tbe lattei mteifeies with that of the foi 
met If houcvei ue aie foiccd to distinguish the electuc cm 
icnta which can be shown m non fiom those which aie hypo 
thcUcal; it would tippeai to be simplei to go a step fuithei and 
pioclaiin elcGinoUy and magnetism to be two distinct foices of 
nalmc Ihe question now auses; what phoenomena of indue 
tion aie pieacnted by a bai of non in which magnetism is eva 
ncsceut; without the simultaneous excitation of electuc cuuents 
in the iiori; and what phamomena aie piesented by non mag 
ncUc metals m which the peiipheiical electuc cuuents aie de 
stioycd by bi caking them up into wiies? The answei to these 
questions is the subject of the two following sections 

V Cm ) cuts induced by the appi oach of solid iron and bundles 
of V) on wii e to a steel magnet 

()0 If; in the appaiatus desciibcd at § 40; ind constructed 
upon the punciple of Saxton s machine; the compcnsatoi having 

the posd ion ; an equilibi mm of cuuent has been established; 

With empty spiials; foi physical; chemical and physiological 
testS; then a distuibance of this cquilibiium of cuuent by the in 
HCiti DU of diffciGut substances into the cylmdeiS; will show that 
the insci led substances have a diffcicnt action and fiom the di 
icction of the iGsulting cuuent it can be aacei tamed which is 
llic most poweiful Toi this puiposc solid non cylmdeis and 
bundles of wnes wcie employed Jhe solid non cylinders 
had a diamelci of 13^^^ 6; and a hcit^ht of 22^" 5 The bundles of 
wues wciG of the same dimensions; except as legaids length 
tlu binss phito at the end of the suiiounding case must be de 
dueled, and fiom the dnmctci the thickness of the suiioimdmg 
case oi papei; wood oi biass As the scpaiation of the sliding 
spang must alu ays be oflecled in the same mannei m i elation 
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to the middle of the cylindeis^ the uoii wncs must lit synimctii- 
cully m lehtion to the axis of the wiie coih they must thcicfoie 
once foi all be fixed This la effected by uoodeu liamcs and 
biass holdeis^ of eneh oi which Iheic wcie one cut open longitu 
duially^ the othci entue 

rheie weic nine such pieces filled with wiies^ fiom 14 to ^10 
111 numbeij the lattei with a papei coveungj the wnt a ol which 
woic held togcthei by he All the non wues wcic vainiahed 
to cnsuic moie peifect insulation 

61 The final lesult of a veiy extensive sciios of cxpciimcnts 
instituted with this appai itus was, that m i elation to physiolo 
gical action, heating an clectiical thcimometci, deflection of the 
galvanomctci needle, magnt tivation of soft non, chemical dccom 
])osition and piodiiction of spaiks, the solid cyhndcia ovci 
powei the bundles of non wues If a bundle of wnes opposes 
in the one coil a solid cyhndei m the othei, an addition to the 
numbei of wues constantly deci cases the intensity of tlu shocks 
The Cvbpe) imcntum onctsm this depaitmcnt is this two aimihu 
bundles of non wues, the one in an cntiie, the oUiei in a longitu- 
dinally cut tube, letain each othei in complete physiological 
equihbiium when connexion is inide by the handles witli diy 
hands The veiy slight action which is pciccptiblo with wet 
hands aiises liom the cuucnt diicctly induced in the wnc coils 
by appioaching them to the steel magnet, exciting a accondaiy 
cuiicnt in the enclosing case, it is theiefoie peiccptiblc when no 
bundles of non wues aic nisei ted into the compensating wnc 
coils^ and is not to be compaicd to the powoilul dilltunces 
which aie obtained with clectio magnetued bundles ol wnc 
which aic unenclosed oi nisei ted m cases Ihe cunents in 
ducedby dncct marjnetuation of the non difiei thciefoie liom 
those excited by eleebo magnUtzaiion ol the non by a want ol 
those chaiacteiistic piopeities, which in these lattei can Im c\ 
phmed by the simultaneous excitation ol elcctiK euuenU n 
the lion 
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62 W IIEN natuial bodies me classified in i elation to (iny ])liy 
sical agency, w c soon find that the idea of antithesis by ulncli the 
substances may be distinguished in that icspcet fiom each othci, 
>Uiich at fiistpicscnts itself, must be abuidoncd, fox the action, 
\\hicli in ccitam bodies is veiy cuei^jClic, and in olhcis appeals to 
be cntiioly \\ anting, giadually diminishes Uiioughout the sciics, 
so tint the tiansition fiom one to the otliei is impciccptiblc 
ihiis between luminous and daik bodies phosphoicsccnt sub 
stances mtcuuit, between comhutms of tlc< tucity and insii 
Intois, impcifcct conduclois, dialhcimanous subsltmccH pass 
giadually into atlicnnuuous, ami conduetois of heat into non 
conductois But Iht tiansition of tiic magnetic metals to the 
non magnetic IS so distinctly mail id, th it whilst all plnlosophcis 
aio agiccd icspoctiug the ma^iutic piopulics of the foimci, the 
possibility of ina^ntUiimg the hiltci lias been as often mamtaiued 
us it has been denied 

Ihc pxocess which, since tin turn of Biugmans, has always 
been adopted to punt tlie nuignetism of othei substances 
than non and niel el, is, by (luUuvouiing to diuil and to mo\c 
icadily mobile substances by means of poweiful ina^^nels, oi, 
vicevusd to duect and move easily mobile magnets by those 
substances Dio double magnetism of Ilauy, and the Ac 
quciit use of astatic double needles aiuce the uiveution of Lo 
baillif^s sidciosGopc, belong to tlu second method, wlnlst the 
fiisfc has mcicly boon modifud by the diffcient cvpciimentahsts 

^01 V 1 viii xvni M 
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accoidmg to the manner in which the substances were mnclc 
moveable^ namely, either by swimming upon water or quicksil- 
ver by means of pieces of cork, or by suspension on threads 
possessing veiy little toision* 

The method which I have puisued is however diffeient. I 
have tested the lelativc magnctizabiUty of the different motals 
by the electric currents induced by them in a spirally coiled 
conducting wiie surroun ding them, when the magnetism excited 
in them became evanescent, IIo\v far the results obtained iu 
this manner agree with the observations of former natural philo- 
sophers, will be best seen after a short notice of their results has 
here been given. 

63. Accoidmg to Brugmans^, lead, tin, antimony, gold find 
silvei possess no magnetic powder ; on the contrary, copper flonl- 
mg on water or mcicuiy is slightly attiacted, zinc move power- 
fully, as IS also bismuth that has a white shining silvei colouij 
whilst bismuth having a daik, ncuily violet colour is repelled hy 
both poles of the magnet. Cobalt exhibits a vciy weak aitrac-^ 
tion, and arsenic none at q11$ on the con tiaiy, poles and a point 
of neutrality can be produced in brass. Lehmann i ondeavouied 
at great length to piove that the magnetism of brass w’as attri- 
butable to iron mixed with it; wdiilst, on the contiaiy, Cavano:} 
came to a contiary conclusion as the result of his own experi- 
ments. Biugmans consideis attraction by the magnet as a pi oof 
of the presence of associated non. 

Coulomb § caused needles of gold, silver, lead, copper and 
^ millimeties long, and weighing 40 milligiammcs, to oscillaio 
between the opposite poles of a powerful magnet, and found the 
time requisite for four oscillations to be respectively 22^^, 20",^ 
18^^, 22^^, 19^^, whilst, when lemoved from the influence of the 
magnet, each required 44^^ to complete four oscillations. Ou 
the repetition of Coulomb’s experiments in the Royal Institu- 
tion, Thomas Young obtained less marked results tliau Coulomb* 
Coulomb himself showed, by aitificial combinations of iioii 
filings with wax, how little iron was requisite to pioduce siriiitur 
indications. Biotjl considers the alternative, that these phtono- 

* Maffnetismus, sou de ajfimtaiihus 7nugncitci8 ohso vaitoncs AQaihi^}icaXt 
1778, 4 

t Be cupio ei ouchalco magmiico^ Nov, Com Peti, \ii. p, 3G8, 

j Tientiso on Magnetism, 1787, p 283. 

§ Journal de Physiquet liv, pp. 3G7, 454, 1802, 

II EUmenlave de Physique^ see, od, ii, p, 78. 
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mcna aio eitlici the eflect of a leal mngnctiem in the metah^ oi 
duo to associated iion^ as unnecessaiyj as they may be thoiosuUs 
of anothei foice I ame ^ t^pi esses himself in the same mannci 
with iclation to the expeuments of Coulomb^ Bccqueicl and 
Lebailhf Lebailhf | obscivcd attiaction ^Mtll Ins suleio&copc^ 
hen plaiinunijiii on, nickel and cobalt wei e used i epiilsion, on tlic 
contini j, with bismuth and antimony Saigcy f main tains, ns the 
result of an extended senes of expoumenis, that lepiilsion is the 
common ptopcibyof all bodies suspended in the au,but that at 
tiaction IS alunys due to the piesence of non Ampcic and De 
la Rive studied the action of a powcifql magnet upon a disc of 
coppci suspended so ilmt it could move ficcly within a coppoi 
wnc tluough vhich an clectucal cuueut ciiculatod 

Ihia electio magnetized coppu was affected by the poles of a 
powexfnl magnet in an analogous mannci to ckctio magnetizocl 
lion, accouling to a statement with vhich houcvoi I am impei- 
fcctly acquainted Bccqueiel§, on the contimy found no com 
plete paiallchsm bcluceu the phienomciia of a coppoi and non 
needle, when both woie suspended m the coils of n muUipIici 
Ills expeuments agieo with those of Muncke||, who found that 
binss containing non disposed itself m a moic oi lo&a tinnsvcise 
jiositioii bet\\ccn the snmlai poles of two magnets Secbocklf 
has piovcd the saniepiopcity to exist m othci substances besides 
those containing mcl cl In tlusc expeuments the following 
inclnls exhibited tians\eisc magnetic polauzaiion - — 

(1 ) Coppei wncs Aom one half to foiu lines in iluckness 

(2 ) Platinum in the loim of lods, foil, and as spongy pla 
tumm 

(3 ) A cast locl of spciBcobalt conlauimg niscnic and nickel 
(1) A stiip of gold with 1 poi cent silvci, coppci and non, 
and one puiificd witli antimony 

(5 ) Regulus ol aiaenie con taming non 
(f ) Alloys (onsistiugof 3 eoppci and 1 antimony, and of 1 
coppei and 1 antimony 

(7 ) Alloys of 5 coppci and I bismuth, 1 coppci and 1 bis 
inuth, and 1 coppei and d bismntli 

* Cams de Phi/sijue iM iO ^ Pididm Umiou I val p 87 

i Jbid i\ p § /hiuaf K (k CJwmceldt Ikpijuir \\\ p 200 

If 1 a ;; \t j> 3(J1 

Abhandlmiffpit dif liotlhi i ihahmir 18^7 n 317 
iheso allots (tio the saint aa those mLiiUoiKu nl § J 
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On the contiai7j the following exhibited no action : — 

Meicuiy, bismuth, antimonyj sulplinvct of antimony, lead, 
tin, zino, cadmium, puie silver, puic icgulua of arsenic, 
an alloy of 4 antimony with 1 iion, and an alloy of copper 
and nickel. 

An atti action between copper and the astatic needles has often 
been observed in the consti acting of niulUphors, Thus several 
years ago Piofcsaor Nexvandcr of Helsingfors found during his 
sojourn m Berlin, amongst a gicat number of kinds of coppci 
which he tested, only one lod of Japan copper belonging to me 
which did not attiaci the delicate needle ot his multiplier 
Again, Faraday'^ has found that cobalt and chromium, which 
have always been considered magnetic, are not magnetic when 
perfectly fiee fiom non As a high tempcratiuc weakens so 
mateiially the magnetic intensity of iron and nickel, it is pos- 
sible that at a low temperature metals may be magnetic which 
are not so at common tcmpeiaturcs. But tlie following metals, 
tested by a very delicate double needle at iomperaiures of to 
70 ^ F*, were found to be uumagnetic : — 

Aisenic, antimony, bismuth, cadmium, cobalt, ebromium, 
copper, gold, lead, meremy, palladium, silver, tin and zinc* 

Neveitlielcss, PouiUet maintains 1, in the last edition of his 
woik upon physics, — 

(1.) That cobalt lemams constantly magnetic, even at the 
most intense red heat ; 

(2.) That chromium loses its magnetism somewhat under a 
dark led heat 5 

(3.) That manganese is magnetic at a tcmpcrutuie of 2{f to 
25° C 

Lastly, M* PoggeiidorffJ. has recently made use of the phe- 
nomenon of deviation in a twofold direction, fust discovcied by 
him with Saxton’s machine, for the purpose of showing the mag- 
netizability of the metals, whicli up to this time have not been i 

considered possessed of magnetic properties. But mckcl, iron 
and steel aic the only ones which gave iiosiUvc results^ even 
Gel man silver was not magnetic, 

6L In the fouith section (53) we have seen that the magnetic 
liolauty excited m iron by the discharge of an clccUic baiicry 

* London and Kdinl) Dnl Ring, vnu p 177. 

I lUemens du Physiquet 3ul odit 1 p 381, ^ 

I Poggendoifl’s ^hinahn^ \lv. p 371, 
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on becoming evanescent pioducos an clcctiic ciiuent in a sc 
condmy wiiCj winch can alwajs be pioved by magnetizing 
a steel needle Xhe pohuity of this steel needle always lemains 
the same when a magnetizable metal la insuLcd into one of the 
pi cviously compensated spa als ot the diflcicnlial indue toi, but 
it IS Mcal Cl when the magnetizable metal is in the foim of a 
solid lod 01 a pile of discs than iihen it is a bundle of msii 
laicd wiiGs Ihe polaiity of this needle is on the coniiaiy ic 
vcised when the inseitcd metal is unmagnelic In this case it 
13 m favoiu of the cuiicnt pioduccd by the empty spual 

In the eleciioscopic and physiological phenomena of tliccui 
lent induced by electio magnetized non and incl cl^ the lemaik 
able fact was established^ that the Itss pouci fully maoiiotic 
111(1 cl has an augmenting action whilst the moic powcifiilly 
maj^nctic non diminishes the effect, bccauso the letaiding elec 
tiic cuuenls cannot bo so leadily foimod in the badly con 
ducting nickel as in the bcttci conducting non, t c in i elation 
to the clccii oscopic and physiological tests, solid non acts as 
a non magnetic metal, whilst it acts ns a magnetic mctiil as le 
gaids the maj^nolization of the steel needle Now wo may lea 
dily infci that the so called non ^narpieHc metals have the same 
action in lelation to that piopcity ol the cuiient which ma^^nct 
17CS steel, that non has m i elation to the elcctioseopic and phy 
siologicnl piopeitics, t e that they mmaz/noHc^ because 

ihe clectnc euuciits e\citcd simultaneously witli tho magnet 
ism obsoiuc the action of the magnetic ])olauty, but that they 
ically aie nol timnaf/neiic It is thcicfoie only ncccssaiy, in 
oidei that tho lattoi action should piedominate, to inevent tho 
foimaiion of clecliic cmients, i e io bicak them up also into 
wucs, and then test the duct turn of the induced cuueiit bymng 
nctizing a steel needle II the cmicnt piocceds lioin the spual 
containiug the bundle ol wiies, the metal is magnetic, il it 
pioeccds on tho conliaiy fiom the empty spual, it is non mag 
iictic 

05 Toi pichmmuiy cxpeiimcnta biass was chosen In the 
foim of a cylmdoi it diminished the intensity of tho eui lent horn 
its spnal, loi tho icsulting cuucnt piocccdtd horn tho empty 
spual, when the biasa wues which weie inseitcd had a coitnin 
thiekucss, the equihbiium ol the cm lent was picscivcd, when 
thin, w(U varnished biass wucs wcio used, tho cuucnt on the 
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conti^iy pioceccled fiom the filled spnal In this foim iheic 
foK the pieviously non magnetic bmas became magnetic 

These expeiiments wtie now extended to antimony, lead, bis 
muth, tin, zme and mciciny Ihc insulation of the niciciuy 
vaa effected by enclosing it in glass tubes staled at both ends , 
the \Mies of the othei metals ^^clt covcitd nith shell-lac The 
coppei was fite fiom non, accoiding to the analysis of M Ilcniy 
Rose The lead contained a vexy slight tiacc ot non , tin, anti 
mony and bismuth howtvu moie, the /me, examined by Di 
Maichandj vas chemically piue I shall icpeat these cxpcii 
ments with some metals which I have since obtained m a pci 
fectly puie state 

The thickness of the naes was as follows — Coppei 0^" 75, 
tin 10 , lead 0 '^^ 80 , zinc GO, biass 0 '^^ 7^? antimony 2 ^^^ 80 , 
bismuth 2^^^ 80 , the meiciuy was contained in common thor 
inometei tubes In the expeiiments the same kind of sew- 
ing-needles (claming needles) weio always employed, and the 
eUctuc battciy always icccivcd the same clmigc by means 
of a unit lai If the compensation ol the empty spnals was 
not complete, it could always be effected by slightly alteung 
the position of the intcuoi spnal tow aids the ontoi, oi it was 
established pieviously by the inacitiou of biass wnes The cx- 
peiiments showed a vciy appicciablc amount ol magnetism with 
coppei, quite as much with tin, mciciuy, antimony and bismuth, 
less with zme, and veiy little with leacl A tube ol biass dimi 
Dishes the action of its spnal, — acts theicfoie m an unnuignetic 
mannei A tube of Gciman silvci, ns also thawn tubes ol tm 
and of lead, had a powcifiil magnetic action, even moio poweilul 
than bundles of tm and lead wnes It is tbeieloie pxobablc 
that m di awing these soli metals into tubes they become eoveicd 
with a thin film of non 

The positive lesult obtained with muemy is fin this icason 
of impoitancG, that no possible admixluic of non could lesult 
fiom di awing In a foimci paiagiaph (53) alloys of non have 
been mentioned, which in the foim ol lods, tested in the same 
mannei, show themselves unmagnetic, the admixtuie of non 
cannot theiefoie, is such, deicimmo the icsult Tlu magnetism 
of these metals howcvei compaied with tha! of non is so veiy 
weak, that a single non wiie of the same thickness is capable of 
o^eipoweiing m its magnetizing action a whole bundle of wnes 
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of the other metal It would howcvei be piematiue to ai range 
the metals m a acues at piesent 

VII Injlmnce of Hit p) esence of u on on tndiiced cm ) ent$ 
of highc} oide )8 

A cuuent induced by the connecting wnc of a galvanic oi 
an olccinc batteiy enn^ aa Ileuiy'^ has lately shoun^ be again 
xised as a piimaiy ciuient, and thus induce a second cuuent, 
this a^am a thud, and so on Ilcniy employed loi the exa 
mination of these cuuents Hat spiial coils, all his expeiimonts 
aic theiefoieonly ckctio dynamical The tiucstion, whetha the 
lEinciple of inci easing the powei by means of bundles of viies 
was applicable to these cuuents, appealed to me v oi thy of mves 
tigation foi tuo leasons, the one a piactical one, because, if it 
should be the case, the cxpcumentei uould be enabled to exa 
mine these cuuents without such a mass of coppci wue and 
coppci nbhon as Ileniy made use of in his expeuments, the 
othei a iheoietical one, it being nnpoitant to know whethoi the 
same difibiences obtain, between the induced cuuents of higliei 
ordeis, as those \xhich have been obseived in induced cuuents of 
the fiist oidcij when the pumaiy cuucut vas ciihei that of a 
galvanic oi of an clectuc batlciy 

1 Cm 1 mis of higlim o> dms token the fit st laduoed cm t ent %s 
elecl) 0 dynamically induced 

G 6 Ihe fust induced ouucni, which causes the pioduction of 
cuuents of highci oulcis, may citlici be clccUo dynamically in 
duced, 01 it may be a magneto electuc enuent, and both methods 
of excitation admit again of sevcial modifications It is veil 
known that elcctio dynamic mduciion may take jilaco in two 
ways, ciihei by tlu appioach of a closed uiio to, oi its tcmoval 
fiom a continuous cuuent (ns, foi instance the connecting i\ue of 
a galvanic m tlieimo battciy), oi secondly, when in one of two 
pniallcl wiies which icmain equally distant fiom each othci an 
clectuc cuuent is excited oi ceases loi the fiisl mode of in 
duction the following appaiatus may he made use of —Suppose 
two ciiculai cuuents mtoisecting each oihoi m the manner 
that two huge ciioles would mteisect a ball, they will then tend 
to cause each othei toiovolvc in oiio plane, accoiding to the law 


♦ iinnaacUons of tlio Amoi lean Uiilosoplnonl Society vol vi p h 
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of Amp&re, that two cun cuts cutting each other arc mutually 
attracted when both flow from the angle foimed by tlicir intci sec- 
tion or flow towauls it, but, on the con ti ary, they lepel each oihci 
when the one flows towaids, the other from that angle* Now, if 
one of these circles is a fixed wiic-iing, in the cods of winch the - 
cm lent of a galvanic battery is cuculaiing, the other a closed 
wiie-iiiig of somewhat laiger diametei capable of i evolving round 
the fiist, it Will easily be perceived, that foi cvciy whole i evolution 
of this ling xound the fiist, two alteinaling cunents of equal in- 
tensity will be induced This iing, placed upon the axis of a 
Saxton^s machine, foims a coirespoudnig apparatus of induction, 
winch Is however of an entirely olectio-dynamic naUue ^ * In the 
absence of such an appaiutus, I have employed the second mode 
of elect! o-dynamic induction only, in uhich an incipient cunent, 
or one just on the point of ceasing, acts upon a secondary vire 
at 1 cst 

One of Glovc^s pLitino-zmc elements was closed by a spiral A 
of thick copper wne* A second spiial B of thin copper wuc 
400^ long suriounded the fast spiuil, and was itself connected 
with a thud spiial C 40(y long, and of the same thickness of 
wuc. Tins thud spiial C was inscited and insulated in a fourth 
spiral D 400^ long, whicli could be closed by handles, or some 
other method of testing the current. The galvanic ciurcnt cir- 
culating in the connecting wlie A induced in the fiist instance a 
secondary cuireni in B, which, travcisiug C, produced a current 
of the thiid order in D. The changes were now examined which 
took place in the current of the third order, when solid iron 
cyhndcis, or bundles of iron wiics enclosed m entire or cut 
tubes, weie inserted into the spiral C. The ariangement was 
made in the same mannei wlien the primary current was that 
pioduced by the discliaigc of an electric buttciy. A flat copper 
spual A imbedded m resin, 11^ inches in diameter, and consist- 
ing of SI coils of copper wiic feet long and ^ line in thick- 
ness, placed upon an insulating glass foot, formed a part of the 
connecting circuit of the batteiy. Opposite to this, and only 
sopaiatcd from it by a plate of glass or of mica, was a second 
flat spual, the coils of which weio exactly parallel to tliose of 

^ Instond of the appaiatim heio desciibod, that pioposud hy Ilcniy may 
bo employed, in which tlio empty keeper of tho Saxton^s mnchnio, instead of 
lolatmg befoie a magnet, lolales in funit ot two c'(pml coils of wiie^ lluongU ^ 
which a galvanic uuieiU is cnculnting 
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the fiist, and which, by means of a sliding boaid, could be 
biought to anyicquisitc distance fiom it This spnalB, was 
connected with the two mnei cyhndiical spimls ab and c d of 
the dilTciential mdnctoi foi fiictional clcctiicity (fig 3), which 
on the dischaige of the batteiy induced in the outci spuals «/) 
and <y S, which wcic connected in a unifoim mannci, a cuiient 
of the thud oidci, the physiological action ot winch could bo 
tested when a h and c d wcie empty, oi when they contained 
non I astly, that case was examined in which the piimniy cm 
lent was that of a Saxton^s machine Hie wue coils of this in 
stiumcnt (hg 7 ) weic connected with a spnnl A,, 400' long, 
which excited an inducing action upon a coil of wue B,, lOO' 
long, into which it was inseited This fiist outci spnnl B,, was 
connected with an innei one C„ 400' long, and coiicsponding 
completely with A,„ which excited an inducing action upon a 
second outei spnal which cntucly coiiesponded to B„ The 
cuuont of this spnal D,, was tested when C„ contained non, or 
when it was empty 

riic lesult of these expciiments was, that these second in 
duced cuueiits oi ns Ilcniy calls them, i/ie cm tents of the tldid 

01 dci , behave as the cut i ents oj the second oi dei , lohich give i ise 
to them, t e the cuiicnts whose pumaiy cuiicnt was excited by 
Machine ekctiiuly weic weakened by solid non, and on the 
contiaiy, then powei was tnci cased bj bundles of non wnes, 
whilst those induced by galvanic agency wue inci cased m powci 
by both, but by bundles of toti es moio than by n on i ods 1 he 
same applies to the cmicnts of the thud oidei fiom Saxton’s 
machine 

2 tui 1 ents of hir/hei oi do s when the fn st induced cm i enl is a 

magneto eleetnc cm lent 

(>7 If non IS ulicady picscnt m the connecting spnal A of 
the galvanic bntteiy oi of the Leyden jai, then the fust mdiiccd 
luiicnt IS not alone pioduccd by (lectio dynamic agency, but is 
chiefly excited by the ciaiiescuit magnetism ot the electio rang 
neti/ed noil It the magneto electiic poition of theouucntis 
to be employed alone as the pumaiy cmient foi the cuiients of 
liighei oidus, then the galvanic battoiy oi the clectiic batteiy 
must be closed by a difleiential inductoi, only one of the spuals 
of which must contain non Ihe cuiient then induced by it 
eveils an irnhumg lution upon the nd)aeent spnal If the 



IGO t)OVE ON Tim EliEOTIllCITY OF XNDUOTION* 

electro-dynamic and magncto-electric induction are combined, 
then currents of higher oideis can be examined as if this com- 
bination had not been effected. For machine-cleciucily the ^ 
following arrangement was made : — The battery was discharged 
by the inner spiral a b of the diffeientml inductor (fig. 3). 
The spiral enclosing this, a was connected with the second 
inner spiral c dy and the spnal surrounding this, ^ S, was connected 
with the flat spiial Ay, described before (6G), whilst on the spual 
Bp parallel with this last, the shock^i were tested, when solid 
iron rods or bundles of wires were inserted in a h and c d* We 
thus obtain — 

m a b the primaiy current, 
in « /9 and c d the current of the second order, 
in 7 S and Ay the current of the thud oidcr, 
m By the current of the fomth older. 

The currents of the fifth order, pioduced by smaller flat spirals 
Cy Dy, could not be proved to exist physiologically This how- 
cvei succeeded easily with Saxton^s machine, oi when the primary 
current was that of a galvanic battery, for although the inner 
spuals for higher oidcrs had often only two lengths of wive, one 
over the other, yet they nevertheless acted powerfully upon fresh 
preparations of the frog, and were distinctly perceptible with the 
moistened hands. As each higher older requires two new spirals, 

It was often necessary in these experiments to employ spirals which 
had originally been intended for other purposes, and were often 
coiled in an unfavourable manner for the object here in view, the 
distance between the inner and outer spiral being often very con- 
siderable The augmenting action of inserted bundles o( iron wires 
was heie exeited with the greatest energy, for by their means cur- 
rents became very perceptible, when in tlic case of electro-dyna- 
mic induction no trace of any action was diacerniblc. The weak- 
ening influence of enclosing tubes or closed surrounding spirals 
is therefoic heie exceedingly piomincnt. The needle of the gal- 
vanometer oscillated at last with the higher orders of galvanic 
induction and with the Saxton^s machine, as if driven by the 
shortest possible impulse, and was not affected at all by the cur- 
rents of the fifth Older, which excited distinct physiological ac- 
tion. Piobably these induced cunenis of the higher orders 
approach moie andmoie to the momentary discharges of fac- 
tional electricity. Success howevci did not attend the endea- 
vours to prove tins empirically, U c. to obtain a decrease of the 
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physiological action of a spnal by the mseition. of solid non 
although m cases \iheie highci oideis can be examined, it might 
pciliaps be attained with a gieatei numbci of spiials coiled h\ 
this paiticulai pin pose As it is ceitam that the cuucnts lu 
duced by elcctio magncti/ed bundles of niies, fiom the piopu 
ties which they have been shown to possess geneially, fill up hj 
a numbei of inteimcdiatc giades the wide gap between conU 
nuous galvanic cuiients and the momentaiy ciuients of fncUouiil 
electiicity, so in all probability the secondaiy cuiients of luglui 
oiders yill be the means of supplying the leraaining omissionn 
between those two extieme mcmbeis of the senes 

The leseiiches ^\hlch have been detailed in this memou have 
tended to point out the influence which is exeitcd by the pu 
sence of solid non and insulated bundles of non wiies upon 
induced cun cuts excited by piimaiy cuiients from diflciout 
souices, both when they Meie developed as adjacent cuucnts 
in sepaiate yiiea^ oi existed m the foim of the so called cxlia 
cui rents m the coils themselves of the connecting wiic, on 
disconnecting it with the souice of electucity It now lemaina 
to be examined what influence this non exeits on the initiiil 
countei cuiient which a commencing piimaiy cmient piodmcs 
in its own coils As ho\^evei nothing whatevci is knouu ol 
the physiological action of this cuiient, the fiist requisite w\\h 
to invent means to pioduce it in such a mannei as vvould admit 
of iheometiic measuiements being applied to it Ihc follo^^ 
ing sections contain the account of the leseaiches undci taken loi 
this puipose 

VIII Evl7 a CU7 ) cut at the cominenceme^it and dose of a j}7 ima) // 
cui ) enlj and its modifications by the pi esence of ti on 

As an electiic cuiieni^ the intensity of which is inci casing 
may be consideied at any moment as consisting of two poitionn, 
the one of which the constant pait icmains unchanged, thn 
othei IS that which is constantly being added, and again in ii 
cunent the intensity of Inch is decicasin^, the poition wlucli jh 
leaving it may be distinguished fiom the constant poition, ihui 
the law of induction, that a pumaiy cuuent induces at its com 
mencement a cuuenl flowing in an opposite dnection,and at U« 
cessation, one in a like dncction, that it induces no cm i cut at 
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all Ixovvever during its continuance^ may be expressed more 
gcncially in the following terms r a primary current induces, 
as long as its intensity is on the increase, a sccondiuy ciuient 
in an opposite direction; as long as it is dcci easing, it mdiicos 
one in a like duection. If the tcim secondary cnriunt be ap--' 
plied to the ciment induced by a piimary curient in a wire 
parallel to, but not connected with it, and eoDlra current to the 
secondary cuircnt produced in a spiral connecting wnc with 
01 without an non core, by the action of each separate coil 
upon that which lies next to it, if therefore this extia ourient 
IS considered as a paiticulai kind of secondaiy current, m which 
the same wiic is the medium for the passage of the primary 
and the induced cuiicnt, then the pheendmena which have 
been discovciecl in the secondary current may wiUi great pxo-^ 
bability be supposed to exist in i elation to the extra current. 
But the spark pioduccd on breaking the cncuit of a galvanio 
battciy IS moic intense when the ciicmt has been closed by a 
long spirally coiled wiie, tlian when the same has been effected 
by a shoit sti night wive, and powciful physiological effects 
appear, paiticulaily when tins spiral uue suiTounds a piece 
of non, which are not perceptible with short, siuught connect- 
ing wires. Faraday, who bases upon those phenomena the 
existence of the extra current, conceives therefore (§ 1104) 
that corresponding effects will always ensue by means of a 
spiial and an clectro-magnet when tlic electromotor is closed. 
These effects must cause in the first moment a resistance, thcic- 
fore something that is opposed to the si locks and sparks, It is 
difficult to invent means for pioving the existence of such neya- 
five effects, Faraday theicfore endeavours to prove them by 
positive effects which are simultaneously pioduccd in a sccon- 
daiy connexion, Now, as in moio icccut experiments in this 
depaitment the real expciimental difficulty is not done away 
with, namely, the prevention of the extia cuircnt being excited 
on bi caking connexion, and as moreover no diminution of power 
at the end of the extia current covicsponding to the increased 
intensity of the spaiks and of the physiological action has boon 
proved for the extra cuircnt supposed at the commencement, 
the following reseaiches may be viewed as a filling-up of this 
gap, inasmuch as, by their aid, that which was required has been 
effected in so peispicuous a manner, that these experiments may 
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be diiectlj admitted into the domain of common expeiimentnl 
demonstiations 

68 Ihe piimiiy cuiient ^\aa pioducod by a Saxton^a ma 
cliine^ icpiesented at fig 7^ consh noted by M Ocitlmg, in 

vihich the mteiiuption is effected by means of biass spimgs^ 
avhich slide upon two non cylmdeis inlaid with pieces of wood 
The fiist of these cylmdeis, is fixed in an insulited manner 
■upon the axis A B of the keepei, and holds the end of the wiic 7 i 
composing the coil of ihe keepei , the second, iv , is dnectly con 
nected with this axis and hence in conducting connexion with 
the othci end of the coil;? The inlaid poitions, composed of 
wood, of the cyliiidcx and occupy half the ciicumfei ence 

of this cylmclei thatvhich is seen at a in the middle of the 
cylmdei tv howevei occupies only one sixth of its ciicumfeieiice, 
and dnmetncally opposite it is another coiiespondnig to it foi 
the pioduction of alteinating cuiients of equal intensity One 
of the spungs 1) oi 5) slides continuously upon the fiist cylm 
del, as does 9) upon the second, the thud 8) eithei m the same 
maniiei uninteuuptedly, oi it passes once* at an azimuth of 
90 {t e m a 1 ectangulai position of the 1 eepei, peipendiculai 
to the line connecting the poles of the magnet) oi twice at an 
azimuth of 90 and 270 ovei the insulating am face of inlaid 
^^ood In the fiist case (uluch only occuis ^Mth galvanometnc 
tests and chemical decompositions), the wne of the coil of the 
keepei which is constantly m metallic connexion is tiaveised 
by alteinating cun cats, aihich pass into each othei at the azi 
muth 0 and 180% and on account of the sjmmetiical distii 
bution of the whole, icach then maximum about the azimuth 
90^ and 270 t 

If the inteimittent spiing la inteiiupted once at 90 , then the 
sccondaiy connexion which alone establishes the continuity in 
the handles I and II eithei by means of the body oi some other 
means of testing the cuiient, leceivcs the full intensity of the 
positive cmicnt , if it takes place twice dining one whole xevolu 
txon of the 1 eepei, it leceives ti\o opposed ciuienta m alternating 
succession , and if a voltametei be mta posed a mixtuie of oxy 
gen and liydiogen at both elcctiodes Ihis alteination can be 

* It 18 then fixed in a soinewlmtsltuUing position so tliat it touches the edge 

of the inlaid wood nenicst to the kccpci n , 

t On inpid 10 volution sonxewlmt b yond that when the sparks asweU astno 
shoiks me most intense 
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suspended by the use of two spiings y y in the shape of a Y, 
which with then two aims compass both cylindeis at the same 
time, the one touching \\ ood whilst the othei touches metal, and 
thus upon the principle of the commutatoi tianafoim alternating 
cunents into cuiientsof a like dnection The points of contact 
of the one spnng aie situated diametncally opposite to those of 
the other, the one y passing fiom the higliei suppoit 10), slides 
upon the lowei surface of both cylindcis, the othei y passing fi om 
2) slides upon the uppei suiface This aiiangcment, applied 
foi the purposes of chemical decomposition, eliminates the gases 
separately, and moieovei m double the quantity they aic pio 
duced by the usual aiiangement, in \<rhich the opposing cui- 
lent IS not leveised, but is suspended by inteuupting the con 
nexion 

The diffeient combinations of the spungs me accoidmgly the 
following — ^In common cxpeiiments without the mseitioii of a 
spiial foi the pioduction of the cxtia cm lent, 9) and 3) slide 
upon the cylmdei as is depicted in fig 7 ? n\ion the cylmdci 
tOiy howevei, instead of the spimg piocccding fiom 6), one that 
pioeeeda fiom the clamp 1), and moicovoi 1) and 9) conti- 
nuously, 3) on the oontiaiy intoimittently Altoinating cm 
lents aie howevei obtained when that which has hithcito been a 
secondary connexion becomes a chief connexion, cun cuts in a 
like diiection, when it is inclined obliquely, and slides on the 
once intcnupted edge The galvanometci, the appaiatus for 
pioducmg incandescence in platinum and chaicoal, as also the 
human body, aie inseitcd between 4) and 8) Foi unintci 
rupted currents in the same dnection, y y alone aio used The 
airangcment with an inscited spual ioi alternating cuiionts 
IS repiesented at fig 7 When the spaiks ol the secondaiy 
cm rent aie not to be examined, the spungs 1 3) and 14) aic leit 
out With cunents of a like dnection, the spungs y y aic in 
serted alone in the clamps, whilst the appaiatus foi measuung 
the cunents is inseiied between T and III instead of between I 
and II If the cuirent is to be inteiiupted often duiing one re 
volution of the kecpei, the spung 3) is made to slide upon the 
cylindei % 

The weight of the covcied wne is 1220 giammes, tlie thick 
ness of the uncovcied wiie is about its length 880' The 
height of the cyhnducal lolls of wuc is inch, then diamctci 
14'", that of the outei coil 2:^" The fiont non plate of the 
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keeper is 5^^ long, 2^^ bioacl, and m thickness Each of the 
foui cyhndcis w has a diametei of the magnet, consist 
ing of foul lamelloe, is 10'^ long, the height of the foui pieces 
togethci IS 22^^ Ihc internal distance between the poles is 
ih6 external TLhe lotating wheel is at the side, and i evolves 
obliquely to pi event the abinsion of the ciosscd coid, it can be 
diawn out fiom the base of the machine, by Mhich means the 
lequisite amount of tension can be given to the coid At each 
turn of the wheel the kccpci i evolves 8} times Ihe suppoit 
extending fiom 8 to 11 on the lejPt side is 6^^ high, the siippoits 
on the light hand aic only 2^Miigh, by which means the side 
viev of the appaiatiis is bcttei seen The distance of the iota 
ting keepei from the magnet is legulated by the screns between 
which the axis turns T.he tMowne coils suuounding the limbs 
of the kcepci can be connected m a twofold mannei, cither so 
that the one foima a continuation of the othci, oi that botli 
aie connected at then t\io extiemitics, so as to foim a so called 
patallcl connexion 440^ in length The changes m the intensity 
of the lesultmg cuuent which aie produced m hen the mug is 
coiled m a paiticulai mannei, have lately been shown by M 
Lenz^ Foi if L lepicsents the lesislance to conduction of one of 
the coils, A the leaisiance to conduction of theappaiatusinseited 
foi measiuing the cuuent, then with a puiallel connexion thcic 
aic two ways pie&cnted to the cuuent induced in the wiie coil 
at its exit, namely, the appaiatus toi measuiing the cuuent and 
the othei wiic coil, between which it divides itself m an mvcise 
latio to then lesistance to conduction If A theiefoic icpie 
sent the elecUomoUve foicc of a coil of wnc, then with a paiul 

Icl connexion a cuuent of the intensity will ciiculatc 

2 A g L 

thiough the measuung appaiatus, if on the contiaiy, ihe con 
nexion is continuous, a cuuent will pass of the intensity 

If thcicfoic the appaiatus foi measuung the cuuent ofFeia as 
great a lesisiancc to conduction ns one of the ckctiomotive coils 
of wiie, t c if A = L, then the paialld connexion is quite as nd 
vantngeous as ihe continuous, and thcic is no occasion in this 
case foi any auungement to eflcct both connexions As how 
evei the same machine has to be used witli dillciont kinds of 
apparatus foi measuung the cuuent, and it is not convenient to 
* IMldm SowiltJlqttQ di I /had mie (k St PUcuhoiug ix p 78 
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Trhich are deduced from one anotlier bv the relations (9 ) (12 ) (14 ) and bv analogous rela-^ons ]\ow if we find 
that the values of a and i are not small enough for us to stop at these it wouM suffice to calculate m order to 
have regard to the superior value of the index i two new numerical 'values of the disturbing function namely 
R and R> By means of these values v e should add to the right of the table (16 ) two new numbers in each 

horizontal Imey and thus am\ e at {z-r i)i (z -f l)^ 



winch would make kuoTsm aad '^^ithout more calculations than if we had regard from the beginnmg to 
Q the index (i + 1). 

r 9. We have just proved that we should easily arrive at the value of the coefficients affected by the greatest index 
^ To seek the formulas by means of which we shall attain to the coefficients affected by the preceding indices;, it is 
^ necessary to write the three last systems of equations at which we ought to amve 

§ The first of these systems^ stiU containing the coeffimeuts affected by the indices t — 2^ z — 1 and will be 
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All these terms are comprised in the general form 

( 1 — . ( 1 — ( 1 — 

k and h being two entire and positive numbers starting from umty^ and p capable of having all the entire and 
positive values, zero included. Observing that the sum of the exponents 
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« a 


01 , by putting gcneiilly foi all the values of % 

Win!) 1 

2^'"* sm (2i— l)-^sm (2i— 2) — S’^-^ 

- “ 2 1 (21) 

r,n W+iirlV 

L»J n— ~ ~ ~i 

2’*"' sui (2 j“ 1) -g sin (2i— 2) — sin — 

we shall have 

These equations, on leplacmg «, and h by then values m tciins 
of A, and B and on having again legaicl to the i elation s (6 ), 
M ill btcomc 

A(C0si(2*— ))|— BiSini (3i— l)j = [i], 

A,cosi(2j I 1)^ — Bj8ini(2j + l)|s![i]2> 
and wc shall thence deduce 

sin % (2i 4- 1)^ sin t (2j — 1 

Ai“[*]i ginj« Wa sin«« ^ (2(, ) 

003t(2iH-l)^ cos»(2i--l)| 

B = hi , a_ m ± 

sin?« Bm«« J 


Thus then, (»)i and (i)^ being dctcirained by the foiimila (22 ), 
wc shall deduce fiom if [j]j and [tjg by the foimulco (21 ), then 
Aj and Bj by the foimiilae (26 ) 

12 The calculation lelativc to the tlcteimination of A|_. i mid 
of B(_ I, will be simplci by having i ecoui se to the second nnet thii d 
foimula of the system (19 ), lathci than to the hist and second 
These equations will become, by tiansfoimations wholly siiiiilai 
to those which we have just developed, 

[a,_, a-w-» < -»] 1 

s,n(2i-3)3 sin- ____ 

+ •=^2(e-l)2 V^-l, 

8>»(2»-2)2 
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/ O \2i-3 « 

X j sin (2i-3) 2 . . . sin 


*+ [^f 


= 2(^-l)3 \/-l. 


sm (2i— 2) 2 * * * ^ 2 J 

It IS from the care which we had in taking the second and 
thud of the equations of the system (19.) that the first membeis 
of the equation (25 ), which have aheady been calculated, aic 
again found heie as factois. If we have regard to these condi- 
tions and to the notation (24.), we shall he able to put for short- 
ness, 

sm (2z— 2)^ 

■= i]q"^ Wi”^ 


a 

sm- 


sm {2i—2)- 


AVi — [}— IJa”^ b]sr 


sm- 


. (27.) 


These expiessions i educe the pi^eccding equations to the fol- 
lowing • 

Their foiin is the same as that of the equations (25 ), and wc 
shall deduce from them in a similai mannei, 






sm (^-~l)(2^+l)^ sin (^— l)(2i— 1)^ 

J jii ^ 


sm (^— \)a 


k’U- 


sm (t^\)u 


C08(j- 1)(2? COS(i— ]){!Jf-l)| 

-k"t~r 


Bin (z— 1)« 


sm (/—])« 


( 29 .) 
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the pieccclmg equations will be wiittcn 

«,_3 «-« = 2 

«,_a at- ■»-<'-« t' ' « = 2 A«,_2 , 

and theie will be deduced fiom them 




sin (*— 2) (2 *+1)2 
sin (i— 2) « 


-F., 


sin {i—2) (2 z— 1)- 
“ 8in(«— 2)« 


(M) 


cos (*— 2) (2?+l)| cos(i~2)(2t— 1)| 

B.-2=/cU iln (1-2) « sin (i-2)'« . 

And thus^ using fiom system to system, by these foimnlo., the 
law of mIucIi is evident, we shall aiiive by symmetiical calcn 
lations at the deteimination of all the cocflicienta A< and B„ 
A(_i and , up to Aj and Bj, Aj and Bj ui paiticulai will be 

given by the foi mulce of the i anks t and (i + 1 ) of the system (10) 
Lastly, the fiisl ot the equations (4 ) will give B^ very simply 
11 In shoitj the numcncnl opeiations whicli have to bo ef- 
fected to obtain i complete system of the values of A^ and Bt 
coiiesponding to the same value of the longitude P, will be as 
follows — ■ 

The (2^4-1) numeiical values Rq, Rj, R^, , and Rg^ of 

the distinbing function me clctcimincd 

2° By means of the foiinulte (9 ) and (22 ), the nuniciical va- 
lues compiised in the table (16 ) aic dctcunincd 
3^ By means of the foimiilm (21 ), the 2 ^ cpiantUics and 

Wqi C^*”1]2 Li]f 

[l]iMj which only icquncs some loganthms, me caliuluUd 
4° By means of the ioimulm (27 ), (10 ) and those analogous 
to tliem, the 2 {t—l ) quantities and and A"/ , 

up to k\ and me calculated 

5° Uhe formulae (26 ), (20), (31), and those analogous to 
them, will give all the quantities A{ and Ih, and the hist of the 
foimulacj (4 ) will give the quantity B^ 

All these calculations me symmctiical, tlicu natine admits of 
executing them with exactness Wo may moicovei simply con- 
tiol the quantities (?)„ (2)3, {z)^y l<’oi il wc add all tlu cqua 
tions which thcPfoimula (22 ) gives, when wc suppose that the 
index k vaiics fiom n up to wo shall have 




( 32 ) 
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the sign X being lelative toth 0 cllfelent^aluea of indev A Ih 
lelation will peimit of veiifying lapidly the Mliole bcucs of tl 
coefficients oi only a ccitam numbci among them taken coi 
sccutively, which will easily disclose the cnois that may ha 
slipped in 

Lastly it \m11 be nccessaiy foi the fiist and second of tl 
equations (I ) to agicc m giving the same \aluc of tho coustai 
Bo 

1^ Let us ictuin to the iclations (3 ) and fiist to the fii 
among them By the piccediiig calcul itions vve shall be able i 
deteiminc the values of Bq couespoucling to the mean long 
tildes 

^ 

M Inch will furnish (2 i+1) iclations to detcimmc the conaUi 
C of the distiuhing function and the coefHcicuts (0, an 
[0^^'] coiiespondiii^ to the diffcient values of fioin 1 up to 
It is clem in fact th it the index ^ being null, it snfTices to atti 
butc to positive values 1 he lel itions to be solved being moi 
ovei wholly similai to the iclations (1 ), \\q have nothing iicl 
on this point 

16 Iticmains foi us to soh e the system of the in o last of tl 
equations (5 ), as it is picscnted nhen ue give to the valin 
0 12 , , 2 ^ 

Restiictmg oin selves to the system composed of the cqiu 
tions fuinishcd by one only of the equations (3 it uould I 
still moic completely similai to the system (I ) and it \^ould I 
tl Gated in the same mannci But wc should be obliged to en 
ploy thus twice as many numciical values of the function II t 
when using the two equations (3 ) at a time We shall then a 
tempt to employ them, and shall find in this the advantage 
decomposing the equations which affoid the coefficients («, 
and \_i foi one value of t and foi dilfcient values of posiln 
01 negative in two sepaiate systems 

1 1 email with this view, that in giving to i* the value — e, tl 
coefficients t^) and become of the oiclei jseio m iclatio 
to the cxcentucities and the inclinations that to have legnicl 1 
the coefficients which aic of the oidci p m lelajiion to tlieso cl 
ments it will be necessaiy to give to all the values fio 
{—t—p) up to And thus the system of the tno cqu 

tions (3 ) mil become foi one value of V equal to nu 
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( 2 j — t ) cos( —1 )wat — )>la' 

(*, — t — pj co8( — t — p)nct — fij * i j))iia 

H- (-j, — i+p) co3(— [*> 2^)''“^ • 

C», ~t ]cos( -i )««+(«, -* )8in( )«« 

H- — z_l]cos(-«-l)n«-|- (j,-i-l)sin(~i-l)«« 

-f- 1 :z,_,+ 1]cOS(-H-1)W«+(<>“H 1)sIu(~M'1)W« [ 



-t- [«_, _^^-j9]cos(-^^- ;?)««+ 

I now eliminate succcssivcljr between llicso two cqufttionH 
Hij — »J, then (i, —z), and I obtain the two rclttliousi 

(ij — + { (,j —i— 1 ) + (j, 1 ) } eo 8 7 J« - 

+ {[b — j— 1] — [b — i+1]}- Bill «« 

[= 1 V''>, . . (.M.) 

+ { («, H- (?, } cospw 

+ { [J, -i-i)] - [b } sin iw« . 

C*» — + { (*) —*+!)“ {*> “i~ 1) } sin «« 

+ { [*j 1 ] + [b ~*"l IT } <-*“8 «« 

[“Q/"’,. .(dr..) 

+ { (i, — 1 +ij) — {t, ~z—j }) } sin ^.?i« 

+ { ii, -I- [i, -*-1 2i \ } coH /.Ha , 

in svhich I suppose that 1’/"^ and Q/”’ Jiave llie (hllowiiig 
values ; 

= A/"^ cos /H«~ sin im, 1 

Ch(»)— A/’d gin j 7 j(K.( j * ' ■ ( 

Let usj to simplify the ninllcr, imt 

(f, 

p, -i-p} - f/, —I I /.J tsx,, 5 
"tlie formula (34.) will become 

(i, • — i) +a', cos n « -h .Tj cos 2 « « 4 , , . 4 .I’j, <' 0 h /. h « i 
4-jSj6in«« H«,8in2H« | .. .>h»gHlii/.«« J 
and by attrlbutiifg to u Iho din’eveut enlire and |)(iHilivt! valnes 
on staiting from sscro, ivo shall have a Hysteiu of equations 
»imilar to the system (4.). Wo shall tlien dedueu from thoni in 
tbe same manner the values of (q — i), Xp and Hp. 
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To have legaid to the equations (35 ), I shall make 
[ti-i+p) ~ -Vn 

=/; , 

these equations will then he wiitteu 

+ y 1 8111 dit + Sin 2 a + + sin p n ^ 

cosna + ^Q cos2?za+ -h ip cosp 71 a J ^ 

and we shall easily deduce fiom them the values of 
t/p and Ip 

Aftei these deteimmations we shall have 

and thus all the coefficients of R will be calculated up to a given 
decimal 

17 We have alieacly shoun that the pieccding method does 
not peimit any enoi to escape We shall bettci nppieciate the 
advantages of it by obseiving that the aibitiaiy angle « may be 
adopted once foi all , and that thus it would lie easy to detei 
mine hefoiehand the numerical values of the coefflcicnts ol the 
loimulDS (21 (26)^ so as to have no longei any but lineai ck 

piessions to calculate, which is always veiy lapid 

It IS veiyimpoitant to observe, that m vutiie of the excentii 
cities of the orbits the degiee of convcigcnco ol the distmbing 
function is different foi the diffeient values ol the mean longi 
tilde t of the disturbing planet so that thcic aic gicat ad\an 
tages in not being obliged to employ in all the cases the same 
numbei of values of the function R We should not be able to 
anive at this m the method whereby the cncumfeiencc is divided 
into equal parts, without being obliged to change incessantly 
this division, which is impracticable By the pieceding calcii 
lations, on the contiaiy, wencvei employ more than the numbci 
of the numeiical values stuctly neressaiy foi each of the posi 
tions of the disturbing planet, without having to change the 
foimulae (24), (27), (29), , which we shall begin by esta 

blishing for the case m which the seiies is the least convcigent 
There will alterwaids be only to suppiess one o^more of the last 
teims of these foimulae in propoition as the calculation itself 
will indicate the possibility of this, and taking care to neglect at 
hist the functions Ro and Rj, then Rj and and so toith 
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AmiOLn VIII 

On the Repulsion qf the Optic Aves of Crystals by the Poles qf 
a Mttgnet* By M PlUokbr, Prqfeasor of Natmal Philo- 
sophy In the University qf Bonn 

)[Fifo)V! iRbggshdorff 8 ApeatfSt ****' • No 10) Ootobes' 1 W7»] 

I* XjlJB object of the pitesent meniiou is to mak<? known a,* 
;jeflea qf netv observations, whicb form a sequel to the last dis 
1 1 ' jooveries of Paiaday, from which the idea of making them ougi*. 

^ nated The results of those obseivations, when arianged in the 
' '' form of a geneial expression, lead to the following empiucal 
I laus — 

When any crystal having a single optic avis is placed between 
^ the two poles of a magnet^ this avis is lepelled by each qf the 
tifio poles If the crystal has two optic aves, each of these two 
'f (uses iS 1 epelled by each qf the two poles with the same for ce 
^ The force which produces this r epulston is independent qf the 
magnetic or diamagnetic condition qf the mass qfthe crystal, it 
diminishes less, as the distance from the poles of the magnet m 
^ qrcdses, than the inagnolic or diamaqnetic forces emanating fr om 
^ liheso polesy qnd acting upon the or ystal 

fo facilitate as much as possible llio suivey and oiitl- 
^'fi^^iSltig^lon of my obseivations, and the conclusions den 
'» dufi^d them, tlio best method appeqis to me to be that of 
detanliiig IjSietti lu loxtotly the same coinso as that by which I 
'was-coiidudted 'to 'thq above losults It will howeyei be indis- 
pensalple pr^wsly to lelato biiefly the method and means used 
in my expeiiments* 

Fiist, with tho vieUr of repeating Faraday’s (txporlments upon 

• TinhslatoaiiyDi. J W GiiWth 
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magnetism and diamagnetism^ as also the lotation of the planch 
of polaiization of light by magnetic action I had a powuftil 
eleciio magnrt constiuctcd by Ettci^ the nniveisity mechant^ 
Clan, undci my o\mi supeiintendence and ^ be suic of obtum’* 
ing at least the same action, the non nucleus in it was made nJT 
the same dimensions as tlhosc specihcd by 1 aiaclay foi hia largt> 
hoise shoe magnets, substituting the Panszan for the hngh^H 
foot The sui faces of the ends of the poles wei e thoicfoi c 
the diametei of which uas 102 milhm {3} riench inches), and 
the centies of nluch ucie 28 i millim (9f Ficiich inches) apnit 
The non nucleus weighs 81 kilogiammes, and each of its twa 
peipendiculai aims is coveicd with foui lajeis of coppoi 
each of which consists of ninety t\^o coils This wiio is 
milhm in thickness (2 Uhenish lines), whilst the wire of 
day^s magnet was 0 1? ol an English inch On thcmcUcttl 
grounds I chose the gieatest thickness which could bo Oony<3^ 
niently obtained in wiic which had been well heated to 
and coveied The wiie weighs about 35 kilogi aminos 
coil of wne extends to the surfaces of the polos to fit oitoli of 
these, an appendage of soft non is giound the sin face of Miu^ m 
of the same diametei, and 48 xmllim in height The two 
dages aie peifoiated in the ceniie of their height, and In 
peifoiations, which aie 20 milhm m diametei, two n;iOYeabt/^ 
cyhndeis of soft non, which fit and me conically pointed at 
extiemities, me inseited and fixed by soiows The 0dhl^a^l 
apicei?) in which the ttiagnotic notion is concentrated, can bo 
p)!o3ritfiafod 01* sepai*atOd ftom each othei at will, and lomo-^ 
Vable eithOr m eonnoxioti with, oi sepai ately fiom the 
A glass case, containing a Coulomb^s torsipn balance, is plaoedl 
upon tho leaf of a table, which can be idisod ox lowoiod, and 
fht^mshed with t'^o lonpd holes, through which the ai^ms of 
eleoUo magnet pass A stioiig thread, composed of ft 
number of sep irate silkwoim thi cads, winds up and down upOitiL 
the aim of the balance, to which heavy bodies, weighing ftft iniioli. 
as half a kilogiamme and moie, can he ithmediately eusponddtlnjj 
foi instance m a light little boat to a small book As ]iogaidi?ii 
the Suspension of light bodies, from the fiist, in my magoetlo 
and diamagnetic expenments, I found it icqmsito^ to dispeniaii^ 
with this boat since I could not obtain any substance wlllcU^^^ 
when placed between the twO poles of my electiortnaguet, dtcl 
not appeal eithei magnetic oi diamagnetic I suspend all auoli 
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light bodies immediately in a double loop of a single or double 
silkworm thread, from 60 to 300 millim. in lengthy and fastened 
Yvith a little wax to tlic end of the thick tin cad winch passes o\er 
the arm of the torsion-balance. The suspensions aic best made 
in the glass case itself, because the single silkworm thread is 
more readily seen there j and after a little prnclico it is easy to 
make twenty or thirty different suspensions of such a thread in 
an houi, Moi cover, in tins manner wo can lest us to their iniig- 
mjtism or diamagnetism, bodies uhich are not greater or heavier 
than a single stamen of a cherry-tree flowci , 

To excite the magnetism in the clcctro-magnct, I used tluoiigh- 
out the following expenments merely three or four small Groves’s 
elements, combined to form' a battery. The platinum was im- 
meised in commercial nitiic acid, the zinc in a mixtiuo of 1 jinrt 
of concentrated sulphuric acid and 9 of Waloi’. 

iQ, During *he month of May I made a large number of expe- 
riments, wh'iph ailpeat to yield the general result, that in caoh 
individukli plant fand perhaps animal) constant magnetic and 
diamagnetic counteraptions are m play, and are in coiiiioxjon 
with their physiological development, I shall icsorve the de- 
tails for a futuie communication, and merely remaik, that Iheie 
experiments led me to examine whethci the airimgement of tho 
fibie excited any influence upon the jiosilion assumed by vege- 
table stvuctmes suspended between the two polos of the magnet ; 
anti here the question incidentally occuircd to mo, whether the 
crystallographic structure of a ciystal suspendod in tho same 
itiatiner exerted any influence. The very first cxpovmiont decided 
this positively, 

4. T took, for instance, a green plate of Itmrmaline, as prepared 
by M. Soldi, for the polarmation of light. It was .} milljm, in 
thicknessj its largest surfaces weio nemly square, being 1 2 miHiiri. 
in . length ' and 9 in hrcadlh. Tho longiludiiuil diroclitm of 
the plate coiresponclod with the direction of its optic axis, On 
stigpohdingi this plate by a silk thread, so //<«/ //w diretii’m (\f 
the ihredii coincided mih Ihc directum of the optic an is, it tiHsurucd 
the same position as any oilier inngnctio body of tho samo form 
Mould have done, i. e, so that the direction ol' ils biondth ooin* 
cicled with a straight lino conncoling tlie two apicos of the poles, 
and the plate maintained this position decidedly, even after the 
poifli apices weie removed. This result 1 had'antioipatod, be- 
cause the plate of tommalino was so strongly niaguotic, that 

2 n 2 



3^6 plOokfr on Tur upputsion oi iiir oi ix ( ^ 

when suspended veiy new one of the polai apices^ il' 

U acted b) it 

5 The same plate of touimalme \\a& now suspended in suoli 
a mannei that the dnection of its bicadth comcKlcd m lUi thai? 
of the silk thieid and thus the optic axis could osezVate fieehj 
zn a Im izontal plane The apices of the poles wcic not 1oo neai 
each othei and weie at last entii ely i emovecl /Vs ti inugnctic 
body, the plate should have assumed such a position, (hat ita 
longitudinal and axial diicction coincided m itli the lino ot 
apices of the poles XIouevei, it assumed that position mIiicU 
a diamagnetic bod^ of the same foim uould have done, c u ith 
its axial and lonj^itiidinal dnection pei peudiculay to the line 
the apices of the poles 

6 The same plate of touimalme x\ns lastly again suspended 
so that it consequently its optic axis could oscillate lion /on 
tally Again, as on its second suspension, it assumed the same 
position as a diamagnetic body of the same foim xxould havo 
done, the dnection of its bieadth being in the line of the aptcos 
of the poles and its longitudinal and axial ducction j9L?pe?uhcula) 
to it 

7 By opening and closing the cncuit in each ol Iho three 
positions of suspension, the touimahne could be ti.iinecl lound 
and letamed in exactly the opposite position 

8 If we admit that an equal repulsive foice xb oxoitecl by 
each of the two poles of the clectio magnet upon lUc axjal ducOr 
tion of the plate of touimalino, and that this icpulsion \h ationgci 
than the atti action of the same poles excited upon ilic samo axis 
in consequence of the magnetic distiibution in the fqit'ugirtous 
mass of tourmaline, wo obtain a compiehcnsrvo point ot viow^ 
undei vhich the phxnoinena above dcsciibcd may be conceived 

As m the position assumed by the plate of touxmahno m ex 
peiiraents 5 and 6, the magnetic atliaction must flist bo ovoi 
come by tlic new foice pioducing the lepulsion, it might ha an 
ticipated that the pliomomena in question oulcl be modified 
when the magnetic rectihneai foice uas so incioasecl that the 
form of the crystal uas such that the dimensions of its axml dn oo 
tion were veiy considoi ably gieatei than its otiier dimcnsiona, and 
the two apices of the poles weie approximated as mu ch as possible 
Theiefoie, aftei having again convinced myself of the acciuaoy 
of mj foxmei expeiimenis, and haiing found them cpnfirinod by 
means of a second plate of touimalme of the same dimensions; 
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1 selected a daik brown, almost opakc ciysltd ol' toiumaluie, 
Imving the form of a six-sidcd piism, which was about 36 milbm. 

■ long and 4'5 millim m thickness, and placed the apices of the 
*poles 30 near together, that it could only just oscillate ficcly be- 
tween them. The magnetic atli action caused the touimalino to 
rissnme such a position, that the axis ol the prism, which is also 
Its optic axis, coincided with the line of the apices of the poles. 
The moie the lattei weie scpaiatod liom each oihu, the less in- 
tense n as the force with which the crystal assumed this position ; 
und vvhen then distance amounted to moio than 80 millim., it lo- 
tated 90®, as if it had become diamagnetic, so that its axis was now 
pel pendicular to the line of the apices of the jioles. On the 1 ui Ihcr 
sepaiation of the lattei, the force which retained it in the position 
just dcsciibed increased} and m this it continued distinctly to 
reuiam aftei the apices of tlie poles had been entirclj remoied. 

The apices were again inscited and pushed fornards until the 
tourmaline assumed an axial position (in the line of Iho iipiees), 
When It was now raised or lowered, by winding or unwinding 
the thiead by which it was suspended, it turned lound, at a cor- 
iaui elevation or depression, 90®, at the same time assuming tin 
equatoiial position (perpendicular to the line of the apices of the 
poles) As fai as the limit to which this lolatioii extended, the 
axial leetilmcar force diminished until it (inally vanished} the 
cquutoiial lectilineav force then came into play, inci easing when 
the ciystal was further laiscd or lowered, and (inally again dimi- 
nished, being however distinctly poiccptible when removed from 
200 to 250 millim. from the line of the ajnccs ol the poles. 

In all these experiments, by opening and closing the circuit, 
the touimaline could be rotated 180°, and retained in (ho oppo- 
site position, 

9, The passage of the tourmaline from one position to the 
other still appealed to take place to c.xactly the same extent 
XV hen the power of the oicctro-mngnct was cither iiicroabcd or 
diminished. 

Id. If we letaln the hypothesis of a repulsive action uxertod 
by the poles of the magnet upon Iho axial diicelioii, in uecord- 
(uice with the experiments which have been detailed in the two 
Inst paragraphs* we must necessarily admit that the force which 
pj oduces the repulsion diminishes more dowly with the increase 
of the distance than the force of the magnetic attraction ema- 
nating fioiu the same poles. 
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11 Bcfoie examining othei ciystals in the sarxio \Miy as 
the touxmaline, it 'ippeaiecl to me best 1o investigate as com 
pletely as possible the icmail able ]ilineaomena and ttieii nio 
difications m this mineial, m Mhich I fust discovcicd them 
Two othei ciystals of touimalme lesembhng that winch uas 
used m expenment 7^ but heavici om being 47 mdlmi in 
length and about 3 millim m thicl ncss^ the othei of tbo same 
length and about 5 millim m thickness yielded in ficncial 
ex:actly the same lesults All these touimahnes ^\clc ntti acted 
into the immediate vicinity of one of the poles of a magnet, in 
then entiie mass 

12 A lubellitc, 9 milhm long and 0 to 7 millim lliicl , ulien 
the apices of the poles \icie 11 millim aput, became jiUiCtd 
axially m the Imt of the apices, but turned lound even 
nhen laised about 20 millim oi loueicd about U) milUm, at 
the same time assuming an eqimtonal position 

A ledj tianspaient tommalim, 30 millim m Iciigili, did the 
same 

I then examined foiu sinallei ciystals of tommalinc iiom the 
isle of Plba, 4 to 9 millim long, the flisl half light and ludf 
daik gieen, a sccohd cntiiely light giccn, a thud light gicen in 
the middle but daik at both ends, and the fouith lecl ^VU thcHO, 
as also the two foimei, vcic stiongly magnetic, the fiiat 
jnoie stiongly so at the daik than the light gieen end They 
exhibited all the iihasnomcna desciibed m paingiapU 7, except 
that the thud and amalleat could not bo made to aBsunic tho 
a^ial position, because, when the apices of the poles weio up 
prOximated with this intention, bcfoic it could attain Ihia poai 
tion, It was diawn away by one of the apices ot tho poles 

IB Lastly, I must mention a peifcctly colouiloss ioimnahnc, 
“the long dimensions of which coincided uith the direction of the 
axis, but which in othei lespects was luegulai i ho mnas of 
this ciystal pioved to be diaMUffuciic thioughout, u lioncc it ftp 
penis that both the icd and the giecn coloui of Ihia tnmeuil uio 
pioduced by iron , conscquentlj the diamagnetic foi oc emiumtiug 
from the poles of the electio magnet must act tho ftxud 

direction in the same manner as the lepulsivo foicc, to pioduco 
the equatorial position of the ciystal ^ 

14 As regal ds the touimalme, aftei thepieceding lemaiks, 1 
considei ed myself justified in consideung the follow uig law do 
tei mined, viz that its axial diiection is lepelled by tho polea of 
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a magnet; and that this icpuUnon, in ouhnaiy oases \i1kmi the 
niaaa of the tourmaline is magnetic, at a siiffioient cUslanco from 
the pole itself, and when the hugest (limeusions of the oiyslal 
•are in the axial direotion, ovei comes the produced nniguetie 
^tti’action of the axis. 

Ileie it natuially occuia to us to inquiie, whethor the above 
jihflenomena may not pcihaps stand in close relation \Mth the 
Well-known fact, that the tourmaline, n hen heated mid eoolod, 
exhibits elecliic polaiity. That must however be decidedly ini- 
aweied in the negative. 

15 It might ceitainly have been possible, that by touching 
the touimahne whilst suspending it, electric ouiieiils had been 
excited m its substance. But after the tourmaline had remained 
undisturbed under the glass case of the torsion-bulanec for 
twenty-four hours, and the clcctro-mngiict was then set in ac- 
tion, it exhibited exactly the same phaonomena ; and no (lifferciiee 
could be poiceived in it even when it was vcnclcred elcelrieiil at 
its extremities by being heated whilst bctw'ecn the pules of the 
magnets. 

16 When the tourmaline was siiBjieiuled in walcr, it also as- 
sumed a decided positiofi, liom which it w as not disturbed win ii 
the watci was heated to near the boihng-point. With the moist- 
ening of the sui faces of the crystal which ocoiiis in this oxperi- 
ment, no electiic tension can oeoui'} if this tension, however, 
ia the consequence of mteinnl electric fluetunlions, it imglit jus'- 
haps be expected that the latter w'crc promo! ed by (he eoiiliinml 
conduction of the fiee elcctiicity appearing on (he siirinee. 

I'J. The most decided pioof of tlio niiiecmaey ol the assiimji- 
tion of ekdne cut rents within the cri/stal lo/nr/t have not het'o 
jjrtnm ily excited by the maynel being the eause of t he phioiiu- 
mcna in question, exists in tlie fact, lliul tlieso eiiri ('ids, w-hiUuviU' 
direction may be ascrilied to them, would produce a potur rcpiil- 
aton of the axial direction. But cxperiineiit ooiitradlcls tliis 
rnost decidedly. 

18, Since the repulsion of the axiiil direetloii by the jioles of 
the magnet is therefore not of pyro-cleeti ic origui, ive fllmnld 
expect that it would not bo confined to tournuiUno, in wliieli I 
had first accidtJhtally met with it, and to a few oilier oryslals. 
After a pieliminary experiment upon a small piece of rock-ory- 
atal had shown it to exist in this also, I comineiiccd cxiimining 
various oiystalsj and first those which arc iiHiawwL In doing 
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tins legaid had fiist to be paid to distinguishing wlitthei tlio 
substance of the body was magnehc oi dlamagnciit It was ape 
cially impoitant to test a cijstal of some diamagnetic aubalimco 
as i^ell as tommalme Mhich demos its magnetism hoin tlic non 
contained m it To obtain an cfFect which could in noAVise bo 
asciibed to diamaguctismj> a ciystal ot such foun must bo Rclc otcci, 
01 such a shape must be given to it by aitihcial meuns, tluit its 
shortest dimensions coincide vith the diioclioti of the n\is The 
foim of the coloiulesa diamagnetic tomm dmc mentioned in pain 
graph 13 was not adapted loi the piuposc of a clecisnc expen 
ment 

19 Itheiefoie flist examined calcaieous spni, the Bubstnnee 
of which IS decidedly diamagnetic A colouilcas ciysfcnb boiuulod 
by natuial faces of cleavage, the length ol the luiglca ol Avhich 
were 60 millim , 50 rrulliin and 28 millun was Buspeuclcd, 
without using the apices of the poles, in such a inanuoi that 
its axis could oscilhtc hoiuontullj between the poles ihla 
axis became placed exactly cquatoiially, whcieby iho ciystnl as 
sumed a position in \\hich ncithei a magnetic noi a dinmagnctio 
mass of the same foim would have lostcd when acted upon by 
the magnetic and diamagnetic action of the poles o( the cloctio 
magnet 

20 I then tool a smallei ciystal of the pumaiy foi m,. Idoh, 
oveicoming the diamagnetism, aiiangod itself bctu een the np 
proximated apices of the poles, so that Us axial diiection boenmo 
exactly equatorial 

A second such ciystal, but largei, tho length ol the angles of 
uhich was 16 mdhm, and the obtuse angles of winch woio 
giound offperpendiculaily to the optic axis to such aii c\t< nt that 
the thickness of the crystal in its axial direction was 10 miUim 
only, was suspended in the same manner as tho two former, 
and assumed the same position, as legaids ita uviB, us Uioso 
When, however, the apices of tho poles weic so ftii uppioxl 
mated, that on account of its large dimensions it could no longer 
remain m the line of the apices of the poles, it lotulcd 00^, ns 
Burning the same position as a diamagnetic body, so that its uxuit 
dnection coincided with the line of the apices of the polos, and 
the diamagnetic lepulsion of the mass dcteimin^d the posiUon 
of the ciystal 

21 I then examined seveial othei plates UUt perpendicularly 
to the axis, all of which exhibited the same phu^idtopiienion One 
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of them, which w'us from 26 to 30 inillltn. broad and loiijj and 
6 mtlhm. thick, w'hen suspended m tlic same niannci and oscil- 
lating fieely, assumed the samp position ns a diamagnetic mnsaj 
'but on fm-thei separating the poles, or on slioitpiiing or elon- 
gating the silkwoim thiead, it loUiled 5)0^, and lemaincd as 
if it had become magnetic, the axis being turned perpendicularly 
to the line of the apices of the polos. 

22 The experiments desciihcd above point out miiforndy that 
a repulsive foice la excited hy tlie poles of the magnet upon the 
axial dnection of the calcareous spar, and that, when by the 
abbieviation of the dimensions in tins direction, an attraction 
towards the axial direction arises from the dianiagnolic i piiulsion 
of the siibatance of the crystal, the jioles being siilliciently sepii- 
latedj this atti action is loss Ilian the lepulsion. 


23. Whilst the colouiless and Iranspureiit calcareous spaV is 
diamagnetic, a white opakc oiysttd of calcareous spur is maynelio, 
and one of them piesented the same pliamoinena ns tourmaline. 

24. Keck crystal is diamtigncUc like calcareous spar, and like 
it exhibited the lepuIsion of the axial direction j but this repul- 
sion is to intense. When a plate cut poipendiculaily to the 
axis (which exhibits the rotation ot the plane of ])olanzaUon) is 
about thiee times as long and biond ns thick, on suBpending it 
xiith the axis hoiizontal, it assumed the same position us n dia- 
magnetic body, and no longer rotated 90° on scjinratiiig the 
poles, which decidedly oceuircd with plates the diinonebns of 
xvfxich were less conti acted in the dirceiion of the aids, 

25. In a Soleil’s apparatus for cxhibillng the conjugate liy- 
peiboloe with polarized light, two similar prisms nic ground out 
ot rock-crystal j their height amonnls to .<50 nnlliin., and their 
total base is an almost regular octagon, the two opimsUe sitles 

axis ihe tvyo prisms arc cemented logclhor to form a single 
prism, in such a manner that the axial directions in Uio two halves 
aie at right angles to each oilier. When the cnluo prism is 

SrS u “'f '■"‘‘"y “1"- 

aes with the direction of the silkworm llircad, and thus Urn 

z::z TrZf'z ''“'“'’‘“"y- ”"™ 

tliafc at one tmft the lower, at another lime the iijiiicr Jialf cets 

tmrof 90? V » ™hi. 

, whereby each time the direction of the optic axis of 
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that half vibnting m the line of the apices of tlic poles becomes 
placed peipendiculaily to this line 

26 The following ciystT.ls \ieic veiy deLuledljr pioACcl to be 
those the substance of vihich was magnetic, and Mhich^ iii con 
sequence of then foim when suspended iii the line of the upiccs 
of the poles, undei the influence of the magnetic atti action the 
poles of the electio magnet, aiiangcd themaelvcs like the toiu 
maline, in this line but when nised oi loweied, nftu a loialioii 
of 90 assumed an cquatoiinl posilion — 

1 An opake and peifcctly cijstalhzed piece of f/uu) liif horn 
Hagen, the loiij^itudinal and axial dimensioiia of ulnch wcio 
] 0 milhm 

2 A squaie octahodion of zviCQUy with tuiiicatcd anf^lcs and 
edges, from Sibeiia 

1 A si\ sided cijstal of hmyl fiom Sibciia, il inilhm m 
length and fiom 11 to 13 milhm m tliicl ness 

4 1 wo jcllowish gieen tiansjiaunt ciyslals of cmoaldy one 
of which was 2? milhm long and 11 imllim thick, Uic othci 
much Iaig,ei, and weighing scvoial hunched f^inmmca 

5^ A blacl cm fiom Siberia, ciystalh/ed in pulcct aquaio 
pi isms, the edges tuincated, the angles acute, aiul ono ot the 
apices truncated 

6 A laige corundum 

27 I found tu)Q ciystals, which weie stiongly mngnolio, and 
which could noi be lemovcdftom the axial position, in which 
the magnetism fixed them, even by the lemoval ol the polos Ifc 
IS Worthy of remark, that both these ciystals exhibited nutejneiw 
polarity^ It appeals to me piobabic, that by using u itioio 
poweiful curient, which would allow of a gientci Bopmation of 
the poles, these ciystals, ovei coming the magnetism of the sub- 
stance, would also have become ananged cquatonully, whiOU 
they would piobably have clone if I had been, able to coutiaot 
their longitudinal and axial dimensions 

These two ciystals weie the following 

1 An qpake bi ownish cxystal of pxmU fi oin Auvei gno, a \ ogu- 
lai SIX sided prism, 12 jnilhm long and fiom 6 to 7 millim 

thick 


2 A small ciystal of mpplme ^ 

28 Aftei the expeiiments which have now been dotailod, it 


above taeiuioncc! was aUo polaii but 
slightly so only ant] in a duoctioii which tiul not coincide with fcho axis 
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appears to me that the ompincal law laid down in paiagraph 1, 
so far as it i elates to nniaxial crystals^ is sulRciently established, 
and applies indiffciently both to pos7iive and negative eiyslals. 

* 29. Hence it might further, with tolerable ccitamiy, be sup- 

posed, that an analogous action would occui also in ci ystah loith 
hoc optic to that found in uniaxial ciyntals. As such wo 
might expect either a lepulsion of the two optic a^vesy or moicly a 
repulsion exeited against thcii central line^ i\ against that di- 
rection ^Yh^ch subdivides the acute angle formed by the optic axes. 
Experiments aie in favour of the first moic universal assump- 
tion^ winch comprises the lattci. 

30. 1 cut a circular disc, about 22 millim. in diameter, from 
a plate of micuy and suspended it l)y a silkwoim tlucad so that 
it could oscillate houzon tally. As is well Icnown, the two optic 
axes of mica he in a plane which is at right angles to the du ca- 
tion of the laminoe m it, inasmuch as it forms with the normal 
the same angle on both sides, this I estimated at 22^^, When 
suspended as above, the planes of the two axes could rotate 
aiound their mesial line placed vcitically. Between the two 
poles of the magnet, the lamina of mica assumed such a position 
that its plane coincided with the cquatoiial plane. In this posi- 
tion the cquatonal duection was thus marked upon tlic lamina 
of mien, and it was afterwards found that the two optic axes, 
z. e those two diiections which, when viewed by polaiizecl light, 
correspond to the central point of the two systems of lings, lie 
in the same plane, which is placed at right angles to the plate of 
mica in the cquatonal direction. 

Mica exhibits the piopertics of a magnetic body. 

31 With the view of modifying the expeurnent described in 
the last paragiaph, with regard to the concluding remark, the 
planes of the two optic axes of a plate of mica were cleternuiicd, 
and a hexagon with parallel opposite sides cut out of it, so that 
^ its longest dimension, which was 26 inilhm., was in tho piano 
just determined, whilst the breadth of tlic lamina was only 18 
millim. The lamina was then again suspended as before i and 
when the poles were approximated as much as possilile, it ai’- 
ranged itself with its longitudinal direction, hence with the piano 
of the two axef, in tho line of the poles. Wlicn tho lamina was 
elevated oi lowered, it rotated 90^', so that the planes of tho 
two optic axes became peipendicular to this Kuo. 

32. I then took a tiansparont and colouilcas topa% fiom ScoU 
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land, \;hich was cut m such a mannei that it appioximafced m 
foim to a light ihorabic pusni, with its two pius ol opposite 
lateral sui faces peipendiculai to the two optic nvcs '1 
of the ciystal was 19 inilhm , its thicl ness tal on m ducc« 
tion of each of the two axes lOraillim I he midcllt- hue he 
tween the two optic axes theiefoic coiiespondcd to the slioitu 
dngoml of the ihomhic piism Upon two of its ndjacont sides 
two thtn plates of touimahne wcie cemented (which clul not ol 
themselves cxeit any peiceptible influence), so thfit poliiu/sed 
light, which passed thiough both the optic axoa of the ciystnl, 
and then thiough the coiiesponding plate of loui malmCj yielded 
one of the two systems of lings 1 he substance of the tiystnl 

was diamagnetic 

1 When the Cl ystil was suspended so that the plane of its 
two optic axes could i evolve veitically aiound its middle line, on 
^ppioximatmg the apices of the poles as much as posaiblcj LheSO 
planes, in consequence of the diamagnetism, becumo pUiced 
axially but ovei coming the diamagnetism, they lotnlcd 90° and 
became cquatoiial when the ciystal was elevated oi lovvoictl 

2 On suspending the ciystal, so that the planes ol ita tw o 
optic axes could oscillate hoi izoii tally, the middle hnc, in the 
foim of ciystal above desciibcd, again assumed an axial position } 
and when elevated oi loweied, oveiooming tho diamognetiam, 
it became equatoiial 

33 In the expel iments desenbed in the last patngiaph, the 
topaz may be leplaccd by ciystalhzed suffUi 1 Iras, iUoac pianos 
in the diiection of which a crystal of sugai is most easily cleft, 
aie peipendiculai to one of its two optic axes, and vi hen orld of 
these surfaces of tiansmission is polished (to effect x\hidi, mere 
sciapmg with a piece of glass is sufficient) and placed between 
two crossed plates of tourmaline, the plane of tho two optic axes 
18 recognised even by the position of the black hnnd seen tluough 
the system of rings, and wc then know, flora tho Ictiown nngle 
of about 50° which these axes foim with each othei, the diicc 
tion of the second axis and the middle line between thein 

34 Ciystala of Biazihan topaz, auagonlte mil <?, suljihato qf 
soda and of many othei substances, which exhibited the plioo 
nomena of diamagnetism and crystallized in diffbront prismatic 
foims, when placed between the apices of the poles, as also lit 
every distance from them, arranged themselves with then longi 
tudmal and prismatic axis, which (although not in ovei y instnucc, 
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yet bn the average) is at the same time the central line between 
their optic axes, equatorial. These phnonoincna, owing to the 
diamagnetic action, of themselves piovc nothing ; only it was rc- 
• quisite that they should not furnish a diflciont icsull. But an 
experiment made with a crystal of sUtmohie, which uns mag- 
netic and became axially placed when m the lino of the njnecs 
of the poles, but equatoiially when raised or lowcied, w'lis con- 
clusive This cxpeiiraent was also performed, even bcfori' that 
on the topaz, with the most decided result 5 but suhacquoiitly, 
to my astonishment, with soraew'hat doubtful effect; and at the 
conclusion of these experimental investigations it was lojicatcd 
in a new point of view', so that I shall icturn to it more fully in 
a subsequent paiagiaph (40), 

A ciystal of lepidoliie was so stiongly magnetic, llmt when 
raised it could not be made to rotate; just so with a beautifully 
perfect crystal of hornblende (a thick hexagonal prism w'llh acute 
extiemitics). The forraci did not exhibit the least polarity, 
whilst in the lattci it was x'ciy decided. 

35. It must moieovei be remarked, that nil bmnxiul as well ns 
alLuniaxinI ciystnls, which in the nboic experiments assumed an 
axial or equatoiial position of a ccitain dimeneion, W'oio rotated 
180*^, and retained m this position by opening and closing the 
circuit, 


36, The phicnomena detailed in paragraphs 30 and 35 arc 
perfectly explained by the assumption, that a repulsive force is 
exerted upon both the optic axes by the polos of tlic man not, 
and then, in accordance with the second exporimoni 111101” the 
topaz (33), we must add to this supposition, that the repulsion 
exerted upgn both the optic axes is of equal inlciisily. q'ho two 
bxpeiiments with mien (30, 31), as also the fust with tapaz. (32), 
do pot allow of the n88um])tiou of a repulsive foico exerted 
merely upon the central line, instead of upon both axes. 

; In the second experiment with the plate of mica, iho rcnul- 
, mod., exerted lipon the axes ovci came the maynelh, and in 1 he case 

force, which tended each time lo bung the crystal, in conlinmilv 
with its form, into a position differing liy 00° ^ 

3^. Two other experiments, suggested by a theoretical com- 
bination, weie perfo, mod, which are concluive as 1 wL S- 
axial ciysta s, and deserve special atlonlion. However, before 
describing them, for the purpose of facilitating the aw'vey of the 
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c, the ciy$tal la raagneticj and its dimension in the direction 
Y is gi eater than that in the direction X j 

rf, the oiystal is diamagnetic, and its dimension in the diice- 
•tion Y la less than that in the diicction X ; 
ttie magnetic attiaction and diamagnetic repulsion of the mass 
must previously be overcome before the icpnlsion ol the axes 
can be appai*enfc» 

In the second and ilihd normal positions of aiispcnsionj Uie 
plane X Y of the two optic axes oscillates, so that it each tune 
CO instantly lemains vertical, and each time it is forced by tho 
I'cpulsion of the axes into tho equatorial position* In the second 
position of suspension, the diiection X, in the third the middle 
line Y, oscillate horizontally and become equatorial, Tlic axial 
action is increased by the magnetic attraction and dinmagnolic 
repulsion of the mass, when 

a, the ciybtal is magnetic, and its dimension X in the second 
case and Y mjbhe thud case me less than Z; 

the crystal is diamagnetic, and its dimensions X and Y arc 
greater than Z These forces must moreover be overcome 
befoie the axial repulsion can be poiccivcd, when 

c, the ciystal is magnetic, and its dimensions X or Y me 
gieatei than Z, 

' dy the ciystal is diamagnetic, and its dimensions X or Y me 
Jess than Z 

38 Anagomte ciystallizes in right rhombic prisms, ^\hlch by 
truncation of the sides iisutilly become six-sidod. l^unn one of 
these Cl ystals, which was peifeetly iianspaient, I had a piece 
giound at riglit angles 1o the axis and polished, and tlien, to en“* 
euie peifect ceitamty, determined the jiositioii of tlie two axes 
by viewing them by polarized light, '^I’heao axoHj as is well 
Jenown, foim with each other an angle of full 1 ; and the mukllc 
hue, subdividing tins angle, coincides with the axis of the 
piism. ^ The planes of. the two optic axes wore jicrpondicular to 
those jtwo parallel lateral surfaces, the distance of wliioh (Voiu 
each other was extremely minute, mid was 10 millun, ^Plio 
height of the priam was 12*5 millim., and ilic largest diagonal 
of its terminal facets, which was at right angles to the plane of 
the two optic »xes, was 22 milhm, 'Jhe direelioiis in whioli 
these thiee dimensions were taken, coineido respectively with 
the diiections which we indicated in the last jiaraguiph by X, 
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Y and that is, still indicating the coiiesponding dmunumu 
by the same sign 

Z:>y:^X 

The substance of aiiagonite is stiongly diama^^nctic ^^lun 
suspended in the dnection 7 the ciystal assumed such u jin^i 
tion that Y became eqiiatoiial and as Y X, this action 
increased by the diamagnetic action cxeited upon the mass of 
the ciystal 

In consequence of the diamagnetic action, i\ hen the eiyainl 
suspended so that it can oscillate Mith its longitudinal dneelmn 
Z hoiizontal, it lotates so that this diieciion becomes place d 
at light angles to the line of the apices of the poles, mul 
foice \Mth \ihicli this is effected is evidently (ncgleotnig niagiu 
tudes, uluch cannot heie be taken into account) of the mmt* in 
tensity in whatever di) ection of the plane X Y the ci ystal is mm 
pended Iloiievei, in the two oiclinaiy positions of suspenubn 
in X and Y, if we admit the existence of a lepulsivc foice, ex 
eited by the two poles upon the two axial duections, the tie Lion 
exerted by it is veiy diffeient as icgaids intensity Ihm cart 
in each case consist of a single lotation only of the two axial 
duections around the alternate line of suspension, 'whence cadi 
optic axis passing thiough any one point of the ciystal desenbea a 
one sheeted hypeiboloid of lotation oi when it capecmlly out*! 
the line of suspension, a conical suiface Tlhe moment of roUi 
tion, howevei, on suspension in Y, is less than on suspension m 
X , and, m fact, the more so the moie acute the angle whuh tin* 
twd optic axes foim with each othei, so that with this angle (if 
the ciystal be uniaxial) the former moment of lotation com 
pletely vanishes Hence it follows that when, as in tho expm^ 
ments with topaz and sugm (32, 33), the axial action, on m 
moving the apices of the poles, ovei comes the dmmngnotm 
action, both of which (because Z>X and Z>Y) act m op|KN 
site duections, this must ensue later when the suspension m m 
the dueotion of the middle line ^ than when in that of X 

Pn ippioxin^fclOg the apices of the poles ns much as )) 0 » 8 ihlei 
the crjTjStal tecame pluoed like a diamagnetic body 

with the dife^Otfon Z equatg:iial, and on shoitemng 

the silk thTeadjf rotated on each occasion 90^ When the a ymM 
was mi^eHcled m the direction cf the middle line Y, tku tmk 
place lohm the orystal was raised about 40 milhm above the lUn^ 
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of the apices of the poles-, but when the suspension was m X, tt 
Occur ted after an elevation ofW niillini. only, 

39 A binaxial ciystal of the prismatic foriTij and the substance 
•of* which is magnetic, when suspended ficcly between the apices 
of the poles, must necessaiily be diflcrcnlly acted upon fioin a 
Uniaxial ciystal of about the same external foriii« 1 hiis the foice 
"With which a uniaxial crystal is moved into the eqiintoiial posi- 
tion, lemains exactly the same in whatever way it may be sus- 
pended, pnovided that its longitudinal diicction can oscillate in 
the horizontal plane. This was confirmed by direct expcii- 
XKient, on thiec times repeating with the same tourmaline the 
oxpei'iment described in paragiaph 8, so that, the apices of the 
poles lemaining uiidistuibed, the tourmaline was buspciided in 
thiee diflfeient directions, lying m a plane at light angles to the 
axis of the piism. Each time an elevation of exactly 24 milliin. 
was requisite to turn the tourmaline round 90“, so that it should 
assume an equatorial position. 

This cannot be the case in a binaxial crystal, whatever may 
he the position of the two optic axes. We will suppose in such 
a crystal that the middle line Y coincides with the avis of the 
prism. Whatevei may then be tlic diieclion in the plane X Z 
in. which we suspend the ciystal, tlic magnetic action ulnays 
■fixes it with the same foice m the axial position, uhiKt the re- 
pulsive foice exerted by the poles against the two axes tends 
to place it equatorially but with dilTcicnt foice Thus \iJicn 
the crystal is suspended in the direction Z, and hence the 
two optic axes can oscillate hoiivoiitally, the ibices fiom each of 
the poles of the magnet acting upon the two axes lend lo pro- 
duce lotations in the reverse direction. However, when the 
crystal is suspended in the direction of the axis X, and thus the 
planes of the- two axes conslnnlly remain vortical duiing tlic 
oscillation of the crystal, the forces emanating fiom each pole of 
the magnet accumulate, and llic resulting force is obviously 
greater than in the previous method of suspension. Moreover, 
it is clear that the moment of lotalion iiicronses in proportion 
as the dll ection of the silk thread is removed from the direction 
Z and approximates the direction X. 

40. The abovs oonsidemtions led me to the experiment with 
the staurohte mentioned in paragraph 34 j and I had no doubt 
that what had pieviously embarrassed me lis being an inox- 
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phcable anomT-lyj would now jicid a beautitul conunnation of 
tny theoictic il views 

Ihe ciysfcal of stnuiolitc was tianspaient ntid siiongly mng 
iietic It foimed a pi ism 18 imlhm m Icnj^thi tlio tinnsvuHi 
section of which was an megulni hexagon, A Bj C, J > T 
The opposite paiallel htcial suifncca wcic about the same di 
stance apart this was 6 millim Che apices of tho poka weio 
appioximated as much as possible, and m all the cvpcumenls 
Tt-tamed undistuibcd in the ame position Ihe cijnlal was 
suspended, <dp9t peipcndiculaily to the Intel al siulncea A, I 
and C, D, saconilly peipendiculaily to the latcial «mclnct» A, JJ 
and D, E In both cases an elevation of exactly i'i imlliin 
above the line of apices of the poles was icquisitc ti> cauac the 
oiystal to become equafoual Ihe ciystil waa thin, Ihudly, 
suspended at light angles to the latcial smfnces B, G and I , h, 
and the ciystal could now no longci be lotntccl with the 
atiength of the cuiient used when uused ICO milliin , it ton 
tinned to maintain at least its axial position 1 w o othc i susjitn 
sions weie then made, ihafouilli ni the ihicclion of Die line of 
subdivision of the angle at A, which was at ughi ang,lL8 to the 
line of the thud suspension, and tha J^fth in the tliici Uon of Jlic 
line of subdivision of the angle at B In the foui lli susjicnsion, the 
Ciystal, wheniaised23 railhm, was lolated S'"! luillim , in the 
Bftli, at an elevation of 50 milhm , to the samo point lima the 
greatest moment of i otation pioduced by the i cpidsion of ilio optic 
axes obtained m the fouith, and the least in the Bah jiofeilion 
of suspension We thus draw the conclusion, that the goneinl 
direction denoted by X subdivides the angle at A, wlnht llic 
direction Z is peipendieulai to the latcial suifaces B, C niul J‘ , V 
The angles of the pusm were next measuicd, and Ihe nngles at 
A and D found to be about 129° But the piimniy foim, as is 
well known is a light ihombic pusm, m which the ohlnso nngles 
aie equal to the one mcasmed fhc plane of the optic axes 
thus passes thiough the two obtuse angles of the piiinniy loitn 
The two suifaees B, C and B, P, by which the two acute angles 
are tiuncated, itr® paiallel to the plane of the tiyo optic axes 
The above supposition, that the axis of the pusm ib ihe middlo 
lin6 between the two optic axes, might lequr-o confimiatioji 
Foi this purpose I suspended the prism of stuuiohtc lonailu 
dinally , it became placed so that the plane passing^ tbiough Uio 
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iv\o obtuse angles was equatotial, Allci Him ('viioiuiu'iit, Uieve 
can bo no f'uvthci doubt ns regards iliy suiiiiosiiion. 

41, The nicthod of observation used in the lust imragruiih 
*ma 7 be alteicd, by placing, the prism of stiuiiohtc m snob a posi- 
tion, that utstcad of raising it m the diflbrcnt hoii/ontul dircc- 
tiona of suspension above the line of the apices of the iiolcs, it is 
made to oscillate around the position of equilibrium la tin- hue 
of the poles, and the axial effect cstimntod by the diir.'ienL diiiu- 
tion of the oscillations To effect this, I conipl.'d'ly u-tnovi'd 
the apices of the poles; the piism then became plnecd axially 
in the third position of suspensioiij and equutoiinlly in file loui'th, 
I then again inseited the two apices, and moved them lorwind 
until even m this position of suspension tlie equatorial iiositioii 
hceanie axial. As the magnetic force, when tlie iquces ino ut 
tliG same distance apart, remains constant in the difFerent sus- 
pensions, the position of the pusm la m each case determined by 
a foice which is equal to this constant force jiwm llin variable 
force acting upon the axes. The proportion of this latter force 
in iliffeient suspensions may be ascertained in tiiis way. 'I’he 
more the direction of suspension approximates to the direetiou 
above denoted by X, the slower the crystal oscillutes. 

This method of observation, where the object is ineiely to 
obtain a general view, is loss toiivenicnt, beeimse it requires 
gi enter caie, it possesses however the advantage of ii imne ex- 
tensive application; it may he uscil oven when tlie erystul lou- 
tains so much non that tlie axial actum euunol oven oioe the 
magnetic attraction, as was found to be Hie eii'ie in a erysliil oJ 
iepidoKtc. It is also applicable when the ciystal ih (liinuiignetie, 
and even in consequence of its form assumoH an equiilorial pimi- 
lion. A crystal of topaz affords an a|ipropiinte example, Jii 
this case the diamagnetic roimlsioii and tlu* uelioii upon the axes 
combine to produce the action observed. 

42, The last paragraphs conUiiu the fust example of the irmn- 
ner in which the optic axeu of a erystul may he determined by 
means of a magnet; and, what must appear surpiising, Ihe cry- 
stal may be opake, and every trace of oiystiillinc form have dis- 
appeared, 

111 the same ^ay we can obtain an iinswei to the quostioii, 
ivliether a solid, Iranspavont or opake, niiinxinl gr j^jiaxi'nl 
crystalline mass, consists of elementary erystiiJs (if I may bo 
peimitted to use this iin-mincialogical expression), in vvhicli nil 

3 i: 2 
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axial dncction piedomm ittSj oi vhcie tins is not the case, 

foi instance the optical condition of melted su^ai whioli 
shoxlly aftei solidification^ comes uiidci the lattei but ndCL tho 
hpse of some time, undci the foimei cito[,oiy 

43 When a splieie (oi even a lotatmg cylmdci with its axis 
^el tie'll) IS suspended between tho tuo apices of the polos, \vc 
do not find any lotation occm uhcthei the mass be magnetic 
01 dnmagnctic The 07ihj action Mhich can como into jday ni 
this case, is the icpulsion of the axes If the spheie is made 
fiom a uniaxial cijstal each time it is suspcnilcd the axis 
becomes equatoually aiianged IIowovci, bcfoie it becomes 
fixed m this position, it makes oscillations about it, the lapidity 
of ivliichis gieatei m piopoition to the diffeionco of tho diicction 
of suspension fiom the diiection of the axis A pielimiiiaiy cx 
pciiment uitli a sphcie of locl cijstal ^7 millim in diameter, 
has shown that we may in this cise obtain acoin ilc admcasiuc 
ments'^^ 

If in any tuo diffeicni positions of suspension, wo mtulc on 
the splieie the equatoiial plane m each cisc tho Bcciion of the 
two planes detei mines the axial dncction ol the ciystal 

In the last detcimination the external foim is of no conso 
quence, pio\idcd we have convinced omsehos th it in tho mass 
undci examination the axial ducclion has ovoicome its mag 
netism oi diamagnetism 

Lastly, when the mass is made fiom a bmaxial crystal, tlic 
middle line between the two axes m tins deleimuiation assumes 
the place ot the single axis 

44 Faiaday has aheady obseivcd the modifications which 
occui when a body is suspended between two swjkces of tho 
poles instead of the apices As icgaids diamagnetic bodies, tho 
following expel iment is chniacteiistio 

I placed upon each pole apaiallelopipedal keeper 189 milhm 
in length, so that the suifaces of the poles, which foimecl a light 
angle 67 milhm bioad and 27 milhm in height, weie cbicclly 
opposite each othei at such a distance that a cyliucicx of bismuth 
84 mxllim long and 6 millim thick could oscillate fi eely between 
them Ihis cyhndei of bismuth being thus suspended so that 

oiystaihnc mass is best used foi tlioao 
fcoblo boy >nd oxiiooU 

1 ana the ph^anomonain Bevoinl oxpamients weie but slightly unpaient ka? 
so than in any of the othei expo imcn ta ^ ^ 
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Its centie ofgravHywas in the lioiizontnl middle lino between 
the tM’o sui faces of the poles, an anged itseli vtpiato) tally as long as 
^the centie of giavity was wiUnn the 1 wo planes of the lateuil siu- 
“faces of the keeper As soon .is it iiassed beyond one oi these 
two planes, two stable positions of eiiuililniuin wi're niipuicnt, 
one in the duection of the middle line (axial), the other perpen- 
tlicular to it (equatoiial ) } when the centie of giavity Mas moved 
fmther away, the second only of these two stable positions of 
Gquilibiium lemained. All these plnonoinciia arc iierluelly ex- 
plicable on the assumption of a non-polar repulsion of llie mass 
of bismuth by the poles of the clectro-niagnet. 

45. These phecnomena, as also the pobitioii wliieh a inagiictie 
Jnass between the suifaces of the poles assumes, must be boinc 
111 mind when we allow a ciystal to oscillate between thi' sur- 
faces of the poles, and mc wish to dcteimmo « ymt i the jilueno- 
mena about to result. The piism of tourmaline mentioned in 
paragraph 8, when suspended in the same manner us the eyliiidcr 
of bismuth, became placed m thccculrc axially i in the planes of 
the lateial surfaces of the keeper et/ualot lalhp iind fin (her iiMuy 
dgain axially The largo plate of calcareous spar (paingi aph 20), 
in all positions of suspension, ai ranged ilHclf Mith Us axis to wauls 
the middle line, oveiconnng the diainagnclism of the muss williiu 
the two planes of the latcial smlitcos of the kccpoi, but beyond 
them supported by the diamagnotisni. 


4G, Theie could haidly be any necessity foi confirming (he 
fact, that the elcctro-magnet acts in llu' above experlmetUs 
exactly in the same manner as a jtet manat t mat/ndy but ll uas 
of inteiest to dcteimine whethei llic latter iiohscsHed power 
enough to lender the lepulsivc foicc of the axes visible, 

^ At my request, M. vom Koike, who with gieuL talent and pa- 
tience acted the part of ray assistant during all the expernneiUul 
investigations, lepeated the experimcntB desciibed m iiarngTUjihs 

4 to 6, flist with the magnet of Eltmgliauseifsmagueto-eleol no 

i-otation appaiatus, and subscqiicnlly Mith a mnali liorsu-slme 
magnet, winch sustained barely a kilogramme ul tsich pole, 'po 
appioximate the polos, lie iilaccd at each (md of the man nut, 

lyog 1 iliiok i,o., ml, u,„ .Uivniifc „1 „l„oI 

we. a B.tu«W a a p„p„, 

pc'ftctt, .1^*“ ■" 


47, The expevimenu delailcd lu tlic pi^ceeiil memoir are, in 
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inv opinion sufficient to establish the{,encial lau lanl domi in 
the fiist paisfeiapb nnd the existence of a new toi c.c ‘ 

not hitheito been indicated by any ph-nnomenon * 
of the new lesults obtained by then means to the o disco vcuca 
of riiaday which fonn epoths in science is too mtniuilt, to 

allow of my passing it ovei unnoticed 

It appeal s to me that pbilosoiihci s do no t j ct atti ibutc to one 
ol these diacovcues, Ma thit all bodies \aithoiit tNii plion me 
eithei magnetic oi diamagnetic that irapoitancc as hub it icaliy 
possesses Taiaday has not only obsuved md clesciibccl null 
Mdual phienomena. Id c otlicis before him, Mho co^ild onlj luivc 
been acquainted with half of them, when they designated them 
as tiausvei sal magnetism but he has announicd a r/ataal law, 
to which I without hesitation subsciibe and he hft'i pomlccl 
out an cntiiely new action of the magnet in dianingnctiBm, 
wheicby the natiiic of magnetic attiaction, which is aheady 
essentially so enigmalieal is icncleied still moie so T bin e made 
many but uiisuccessfid cxpeiimcnts to chscovci n. clmmtiguelio 
polaiitj 01 a test foi mattei ni a sliilo of diamagnetic c\( itation 
T.he simplest hypothesis at piescnt appe ns to me, especially il 
we wish to letain the cslabhshed uhasicgaidmg jn>ie,netic distil 
bution,io be that in which diamnonetisin is icgaulcd as n general 


repulsive foice of muttci 

As legauls Fandays oihci discoveiy^ I ogice uith the com 
mort Mew, that m the obseivcd lotation ol the plane ol poliuua 
tion theie is no ducct action ol the magnet upon tht light but 
that this IS pumauly pxoduced by a mag^uetic ox diumagnctio 
ictiou upon the ultimate pai tides ol the mnss, ol whicli uc have 
peimancnt instances in many bodies occmimg in ualiUG, but 
among ciystds m lock ciystal alone, and this only in the ducc 
tiQU of the axis 

48 My expel linen ts ha\e shown that a pcciUiai action la 
cxeited by the poles of a m^jgnet upon cveiy uni- oi bimixial 
ciystal foi uhich we find an explanation when wq suppose lUo 
resulting action to be a icpulsion of the axial diiccUons, ulnoh 
IS independent of the magnetic and clmmagnctu pifipcily of the 
mattei This lepulsion is evidentlj connected with the loim of 
the ultimate pai tides of the ciystal, and appeals to cornc into 
play uheie the magnetism is not ui a condition to piotiucc a 
tnnsient molecuhi diangc the icsult of which is the lolaiion ol 
the phne of polauzation discovcicd by l^aiaday 
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Can we admit that the new repulsive fmce is a modification 
of diamagnetism, produced by the foim of the ultimate particles 
of mattei? It would then be lemaikable, that tins force is so 
* strong, that, when the crystal is suspended in a ccitain position, 
it IS capable of ovei coming the originally much stronger mag- 
netic or diamagnetic dnectivc foicc, when the poles of the mag- 
net aie further lemovcd apait. The experiments pioved that 
the new force diminishes less in pioportion to the iiuTcaso of 
distance than this directive foice. 

At all events the forms of the ultimate particles of matter 
and the magnetic forces stand m mutual relation, which has 
biought us to the lemaikablc lesult, tlnit we can dcteinunc 
ciystalline foims by a magnet. Moreover, tins renders the 
existence of a relation between those foices which arc in action 
duiing ciystalliziation and the magnetic foices extremely pro- 
bable. The most important point of view however is evidently 
this, that the directions, the repulsion of which results fiom 
the new exeition of force, are the vciy ones which stand in 
peculiar and exclusive relation to light, in which it docs not sul- 
fer double rcfi action when traiivsniitted thiough it. This relation 
will not remain long thus ii^olated. 
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On the Relation of Magnetism fo 'Diamagnetism * By M 
Plucker, R'lofessoi of J!!^aimal Phxloso^^hy %ii ih<* Umve^ 
siUj of Bom 

[Iiom Pog ondoifT s A) imlen Octobei 1817 ] 

\ Faraday has completely clispioved the view laid dawn by 
othei philosopheis^ viz that diamagnetism is mei ely anoilier 
manifestation of ordinary magnetism^ by the single fact^ that 
whilst a magnetic body (as instanced in non) ig ntti acted tin ough 
out its mass by each of the tn o poles of a magnet, a dmmiigaclio 
body IS lepelled by each pole tluoughoul itg entuc mags 

2 Hence the simplest supposition would be that, %n %ohich 
the magnetic and diamafpiettc foi ces called into action opposite 
conditions of maitei neutr allying each oilici a supposition winch 
at a glance ib seen to be siippoitcd by the plia 3 nomenon con 
stantly obseivedby Faiaday, vi/ that on mixing a magnetic and 
a diamagnetic substance au intcimcdute condition is pioclucqd, 
\ilnch depends upon the pi opoi lions of tho mixtuic wo need 
then only considei that the magnetic foices m oidinaiy 
aie incorapaiably stiongei than the diamagnetic Evciy dia 
magnetic body, when giadually mixed with a compaiatively 
small quantity of a substance conimtimg non, appears at fUst 
less and less diamagnetic, and soon becomes magnetic On tho 
other hand, it is only in the case of veiy feebly magnetic sub 
stances that we can succeed in copveiting the magnetic faehavioui 
of a moie considei able mass into the diamagnetic by tho ad 
mixtuie of a diamagnetic ubsiance m not exiccBSive quau-* 
tity We must lieie howcvei suppose that by such an admire-- 
tuie the action of the magnetism is diminished, and that m a 
gieatei degiee thin if the substance added acted like an uidiC* 
feient inactive mass 

6 But what is even moio opposed than anything to the »up 
position in the last paiagiaph, is the fact, that whilst an non lod, 
magnetically excited between the poles of a magnet, exhibits 
pohiity at its exticmities lixtheito, notwithstanding all attompts, 
no ti ace of polauty has been detected in a substanco dmmag 
* Translated l)y Di J W Giaffith 
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netically excited between the poles of a magnet, However, 
every idea of the lenabihty of the view in question must ncces- 
sax’ily be given up in consequence of the experiment which I 
shall next detail. 

4 . Even m my earliest expeuments on the magnetic or dia- 
magnetic state of different vegetable and auiintil btructuvos, in 
■which especially very small masses were examined witli the 
nearest possible proximity of the poles, I often found wlmt ap- 
pealed to mo as anomalies, that these bodies, although placed so 
near one of the poles as to touch it, were icpelled by it, yet they 
nrratiged themselves between the poles like a magnetic body. 
The wings of the cockcbafei especially, which arranged them- 
selves magnetically between the poles, t. c. with their longitu- 
dinal dnection from one pole to the other, when placed with their 
broa,^ surfaces next one of the poles, were decidedly repelled by 
it, like a diamagnetic body, This was an anomaly the explana- 
tion of which I lesei'ved for future cxpciimcnls, because nt this 
time the experiments on the action of the poles of the magnet 
upon the optic axes had tempoiniily engaged my whole atten- 
tion, These experiments, to which the former treatise has heou 
devoted, weie oiiginated by the mquii)^, ns to what was tlie 
cause of the magnetism of certain vegclable btiuctiiios, and 
■wdiether the duection of the fibics did not perhaps exert some 
influence upon the position which vegetable stiucturcb assumed 
when suspended by a silkworm thread between the poles of a 
magnet. On resuming this question, I placed the biirks of 
seveial tiees, all of which w'cro magnetic, so ns to oscillate 5 and 
on doing so, especially with a piece of the bm’k of the cheny- 
tree of a lectangulm form, about I.'} millim. long and half this 
breadth, I obtained the unexiieeteil icsult, that when tliis was 
suspended so that whilst its loiigitudmal direction ciscilluled 
hoiizontally between the two apices of the poles, winch were 
approximated as much as possible, it could still move ficoly, U 
placed itself equatorially like a dtamuynelic body 5 but when the 
poles ivere removed fuithcr apart, or when the baric was raised 
above or lowered below the line of the i»o!cs, it became axial, 
like^ a magnetic^ body. It is evident that in this oxporiraciit, 
which I lepeated with different pieces of cherry-tvee bark of dif- 
ferent sizes and with the fibres variously arranged, there were 
two distinct forces in a constant state o/aeiivUy, and that one, 
the magnetic, diminished less in proportion to the inemm of the 
distance than the other, the diamagnetic. 
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5 It appealed to me to be Im/auloua to foim goncii\l ctniclu 
signs upon magnetism and diamagnetism fiom the (^pouiumt 
detailed in the last paiagiaph \Uiich I had miitlc ivon bifoic 

my foimci tieatise, inasmuch as it was to he feiiud that, 
Mith the complicated stiuctuie and chemical pi ttus of the 
suhstance used, some unliioun extnncous raitse xiuglit have 
pi odneed the phenomenon obsei ved I in thci evpoi imc uts must 
decide \ihethei al! substances, winch ut a ccitain cli^^Unut liom 
the pole become placed (with slight foicc) ma^^ULtitally, uhen 
mo^cd nearei to the pole icact diam iguolically ^ niud the next 
pioblem w is, to ftnd moie simple sub tancos nhu h wiic mng 
netiG in the slightest possible dcgicc 1 oi tins pm pose, 1 too] 
tinfoil which was magnetic (pxohably fiom its containing non), 
and fused it with some bismuth With the piopci piopoi lions 
m this alloy (moie bismuth than tin) which 1 pcniud out 
upon pipei into a thin hax of about milUin m length, I 
obtained my object The bai was alTcctcd in exactly tlic same 
minnei as the piece of chciiy ticc bail , i c tl f/cannt (iiiul o? 
equaio 7 ial^ aceoidtnff as the apices oj Iht 2^oks loa f wofc o/ Uss 
distant f} 0 W> each otho Fiom this I duiw the couelusion, that 
it foims a geneial law and not muely an isolated pluouo 
mcnon Asimilai one has abeadj been obscivccl hy Do la Hive 
m chtticoal* I may i email hcie, that whilst I auiday fodud 
chaicoal magnetic, I found common wood chaicoal, ns also box 
wood chaicoal prepaied foi elcctiical expcumciitB> diamagncUc, 
which cannot suipiise us, hccttusc tlic smallcot quantity ol non 
mixed with it, which may even ausc fiotn Uu bocly> must 
make chaicoal magnetic, and thus, among tho Rpccuncns ol 
chaicoal examined by Fnmday and myaclt, ihcie a'i oiiUl he some 
which are afiected in the same mannex as the nbo\ c iiUoy 

6 I therefoie adheic to the following liypothciais which at 
piesent has the beat foundation, that the maynthc and d%a 

* Ih jait of the qua Vnmmll loi fuue p 171 conti ina niy iliflt 

notice the ulntiou of magnetism to tlio ojuic axes nn nuhllHlRtl ni llio 
ComjyteH Rendus fiom a lottei to M Aiago elated Juno 1 Jth to which tho 
fDIlo^\mg note la appended by M Uc la llive — 

Like M Rluclei X kaie made a gical man j o^paumutfs njxm ih J 
tl c magnet upon djja ent bodi s I shall mention ono ha e wnuU has yielded » 
similar ? endt to U o^e obtained hg M Plucket it i dales Use uUion of the 
deUio magnet upon chm oal a uhstance which X have some f lines fmml mag 
nail ^omchmes aiamajn li Jtcc^ndinj to ih molcotdm aitiie and somolhies 
also accQidtng to fs distance fiom the poles of tJo magnet 

h was m conacqiienco of Urn note that in tho picscnt shoit casay I tioat of 
fin object which it was m) intention to diaui^s gubscquontly in conuoMOU with 
some others 




magnetic form coomst miimaneomhj , and that hucame the 
J^JtofikiefoTm&mnhtm Im m jnoim/wn to Ihemuemc 
of distante from thejwles of the muynvt than the last, the same 

'dochjniayjoact,accord»,f/io nmonslunm, al one tune like a 
nuiynehc, at another like « diammjnvtic body. 

.Several questions, winch aio unjn.rl.mt ui a IhoorotuNil point 
ofvicu, mi connected with/ho above law, and lay o])eu new 


rconclusion dviuvu by Fauidny fxom his obHiuvalions 
IS oveitnvned, and, on the other Innid, it m jnoveil Unit it is 
impossible by the mixtine of substances, the leaulionH ui which 
aie of the opposite hnul, to piocuro one winch ih uidi/Zorn/ ns 
regaul^ naagnetisin ftnd clianingiiuiistn* 

It moreovev appears, from the results which have becjj o);- 
tained^ necessarily to follow that the same hody^ //• ol a ajilaaical 
fbiiTjj at a, greater oi less distance fiom oxio ol Iho poles ol a mag- 
net, thioughout its whole mass, may be ai ouc time ropollud, at 
another atti acted j moreover, that a Binallev and a larger aphoic, 
composed of the same substance, ami each tunc placed near ouc of 
the poles of the magnet, maybe icspcctivcJyiTi^cllcd and nlU act(»{h 
7, The answer to the following questions would b(‘ moio nn- 


featisfactoiy* 

Can the icaction of any diamagnetic body, when lln^ power 
of the magnet is increased, be convci ted into a magnetic icaction 
by the augmentation of the distance? II ho, (t (uriain dr^tance 
no dictmagnetic body in FaTitdaiffi sonsv would ViVWi, Ih it not 
thciefoie probable, that if, by a moic delicate mcUiod of nun- 
pension it could be so managed that uU bodies assumed a <lirc(J- 
tion m consequence of tcncatrial magnetism, as they now do 
iindci the influence of a model a tciv- powerful niagnet ju one or 
the otber manner, this direction would always b(‘ fhui only ol’a 
magnetic body^ On ttic othci hiuid, to what extent ave \vc 
capable of diminishing the magnetic action or converting it into 
the diamagnetic, even m sliongly mngncti<» sidoitmircH, by aji- 
proximtiting the central point to the action of tlic oxInmuLics oJ‘ 
the poles as much as possible, and using the aubslaucc m small 
fragments ^ 

Is a substance, vhlch at one time reads Idcc a nuigiictie, at 
another like a diamag^^ctic body, uccesHavdy a nnxUu’c of mag*- 
nctxc and diamagnetic substances? Or, whut still uppeiivs to 
me probable m accordance with my Ihcoiulicul vii’W, may not a 
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Simple iody react m this mannei? I considei that 'x direct 
answer to tins question by means of expeument is at jnesont 
impossible^ because we could not ensuic certainty tint those 
simple bodies which exhibit slight magnetic and diuma^^nctic 
piopcities, accoiding to laiaday, aic leally chemically pme 
8 When we conjoin the obseivitions descubed in iht xnesuit 
tieatise with those which I have detailed in the previoxxs memou, 
it lesults, that of the tlucefold action cmanatiiij^ fiom the iiolca 
of a magnet, viz 

Ist, the magnetic action in a stiict sense, 

2nd, the diamaj^netic action chscovciod by Tauiday ^ 

Sul, the action exeitcd upon the optic axes of the ciyatnls (and 
that pioducing the loiation of the plane of polaiiznUoii, winch 
piobibly coiiesponds to it)'t, 

i/ie second dinnmshes 7no7e uzth the distance than the and 
the 111 si moie than the thud 


9 As I was loo] mg thiou^h the above meiuon, it occinu d to 
me (in which case the conclusion made at the end of i>aiugiax)Ix 
5 would letain its gencial coiiecincss) tiiat I^aiaclay might 
have found charcoal magnetic, and I dixmaj^netio, bccanso I 
placed it so as to oscillate at a less, and lie at a gieatci distance 
liom the poles Moieovei, it appealed to mo dcsnriblc 16 con 
film the geneial lesult in jiaiagiaph G by new o\pci suicnta I 
theiefme made the following cxpeiimcnts, m which I ngani pio 
cecded m the manner desenbed in tlie foimci memou , but using 
ten feebly excited Giove^s elements mstoad of the foimci flvo 

10 I at fust found my supposition completely conflimcd 
I examined foui dificicnt pieces of chaicoal successively, all of 
winch weie acted upon m exactly the same way , and, accoi ding 
as the distance of the extiemitics of the poles was moie oi less, 
auanged themselves magnetically oi diamaj^nctically I shall 
only detail one expeument One of these jiieces ol chaicoul 
(oidinaiy wood chaicoal) was cyhndncul, about 14 milhm long 
and 6 millim thick When the poles weic 17 millim apart, it 

aiTanged itself equatonally, but when laised 24 millim above 

• 

The apparently equal ilUunmation of the eniifii field by ic^pccluoly oqua] 
intensities of colour aftei the lotatiou of thcplauef) of polau/ation in lainduye 
cxpeiimonts piovos that th action observed hoio does not dimhiiab very 
rapidly with the distance 
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Ime of the apices of the polcsj the cqiintovml position was 
s'^changerl foi* the a\ialj in which it was dialinctly rcliiincd even 
on elevation of 54 millim. Again, vlicn the two apicos of the 
•pole^ were separated 55 millim. from each other, on siispousion 
m the centre between them, it became axial ; hut when suspoiKled 
a thud of the distance, it assumed an ('qualm uil jioailimi. 
The lattei obseivation, that the same body, the apu'ca of llu* 
poles being the same distance apmt, but in diQl'mil jiavls of 
this distance, leacted at one time like a magnoUe, at miotln’i’ 
like a diamagnetic body, might have been auticipalect fioin our 
View. 


11. Apiece of dry apple-tree wood and two pieces of tloal, 
cut in different dncctions, and placed lictwcon tlic niiices of tho 
poles approximated to 17 millim., were moic strongly duunag- 
iietic than the chaicoal j but, when raised, arranged thomsolvcs 
distinctly, but slightly, like a magnetic body 

A cylindiical piece of lump-sugar, 19 millim. in length and 8 
millim.' in thickness, exhibited the transition from the equatorial 
to the axial position jierfectly. 

1 2. A flesh last yeai’s shoot of an almond-lrce, 1.5 millim. in 
length, the apices of the poles being IG millim. apart, was dia- 
magnetic, and lemained so at all elevations 3 its oiilivc bark was 
also diamagnetic, but at an elevation of !24 millim, lotalcd into 
the magnetic pa&ition. 

A last ycai’s shoot of a cypicsa-trcc, 10 millun. in Icnglh, 
was diamagnetic at evciy elevation; tbo enlirc hiivk wub Lho 
same. But the brown cxlcinal bark aloiu' was ih-eidedly mug- 

netic, as long as it could oscillate botwc'cn the fwo luiiocs of Uio 
poles * 


len the apices of I he poles ivere nppi oximated to fj or 7 
milhm,, anil the piece of bark placed betweeu them, 11, nHsinned 
a s *ong y dinrangnctic position, and ivdml wus lyooU'd from the 
tne qfihe ainces of the j)oles, Wlicn raised 4- 5 millim,, it aguin 
became magnetic. “ 

13. In a hen's egg, magnetism only occurs in the wliiLi* umm- 


m ental SigatS; '’'I’"' ' 

bai k of nil plants ^ ^ ih, thru tlm iiuLoi njuMt 

without a I'.iowleCrthrios^l 1 e 

the geneiftl I'ojicluaionH axo not ii ' piCHoiit nuMsioii, nUlionch 

mdehnitoandinacciiiato «« ip/JflrL Im 

the now point of view ^ /ind io<piiro lopDtitjoii under 
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biane which lines the shell inteinally A piece of this 

was also magnetic oi diamagnetic between the poks aoc-oi tUut, Ui 

the distance^ 


» To obtain the above icawlt with ccitnuty it is nuliapc nsabld ‘ '’V. u i lii! 
tho body to be snsi ended is lijit t avoid givui;; it the v qnisiLO im j « 
insluimentsof aond always use glass) oi taking it up with tlio (n»f^ J ‘ > 
liavi jicvioHsly been ill coiitn t with non and hn\o not h cii ** .1 ,, 

washed V picoo of diy wood chnicoal aftci having h on inspetl \Vitii nu 
file was maj^netio uiuloi ciicum'stnnc-os 
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• Autiolg X. 

Investigations on Uadiant Ileal, {Second Memou .) 

Jhj 11. KnoiiiiAUCU*, 

[Kiom l^oggcndoifF’s Annalen^ vol lx\i, pnit 1, Apul 29, 1817 J 

V. Qompanson of the amount of Ileal difitsely refected bif 
different bodies. 

It is well known that reflexion occurring hi all directions (called 
diffuse) must be flisiingtiished from that which takes place from 
reflecting smfaces at a cei tain angle only, 

The lattei, m leference to hoat^ has long formed the subject 
of numerous investigations, which have shown that the intensity 
of the reflected heat is dependent upon the nature of tlio re- 
flecting bodies the condition of their suifaccf, as also the in- 
clination of the lays incident upon these smfaces §, but that heat 
from diffeient sources (in all bodies) undergoes this reflexion 
m the same manner |1 

* 1 inn •’late (1 bv Di J, W. Giiflltli Tlic fust Memou will bo fonnd at p 188 
of the picscnt ^olumo 

f P V Miisscbcubioek, Tnlio(t ad Philos, Naim , I7fj2, vol ii (Do Igue), 
p» G5d Leslie, All ExpcumeiUal IiKiiiiiy into the Naluic ami Piopngnlioii ol 
W, 1801, p 98 

t P, V Mu‘<sclienbioek, Infiod ad Phtlos Nairn , vol ii p GbJ LohIic, 
All hipeumcrilal Ijupmy, &c, p, 99 
^ Foibcs, Piococflmgfi of tbo Royal Hoc of Fdinb , Maicli 18, lHil9 
y Leslie, / c, May cock, Nicliomn's Joiunal, voL xxvi p 7rj II Davy, 
Llem of Cliom Pbil , vol i 

^ Of coinao wo only alliulo to iiua wlmli in tbe oidmaiy mcliiod 

of pioceediiig li 0911011 tly cannot be duootly obsoivcd If, with dUiej t.nl souieus 
of lient, impoifcct diatheimanourt Mibnlanu's bo used ft a tlinpinpoHo, c (/ w 
glass mill 01 , wo sbonld poiecive diUcjonccH on llmfc si do 111 tbo d nee turn of 
wbicb tbo lofi ox I on occius, accoulinglv a=i tbo nuulont uiya omanato ihnn tmo 
or other soiuco of heal:, Hut thcao diileicncos wtiuld not miso lioni tlicso layu 
being lollcctod by tbo loilccting siulhco wUb lUKcpuil mtuitHily, but dopoud 
solely upon iba uneipial absoiplioii wbicb tlioy cxpoiKmco on liiuiHmiHsion 
tluoiigli tbe glasa^ bctoio tlioy amvo at tbo postcnoi auiluco, tbo io/ie\ion of 
wbioli IS In ibis case ob&civc(l ai tbo same tnuo, 

Expeumonts with dmtbonnaiioua bodies can only lend to acrniate iohuRh with 
lesprct to this point when, as Molloni and Ibot have ingdiioiisly done, ni tbo 
ofTeefs obscivod, tbojnflncnca ol the absoiption occunmgon tuinsmiamou ia 
taken into account. They otbcrwiso yield eitlioi indelinito lOHulla, ns tbo ok^ 
pernuenls ofFoibeq, Edinb Tinmn, vol,\nl,, p 802, and of Huff, Wohler and 
Liebig's , vol xxxii p 170, or mcioly coubiin tbo pluenomoua o( liuns- 
mission, as e ^ cm tain obscnatioiis of LchIio (Ah Expoiimcnlnl Iiuiiiny, &c , 
p 102-*107), 111 wlucli the amouni of licut lellottcd by a coaled metallic minor 
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With this IS connected the faci^ that a numbei of dissumlai 
rays of heat aie not alteiecl by it in then piopeitiea, e g in then 
capability of passing thiough ceiiam dmtheimaiious bodies^ as 
Mclloni has shown m his evpeiimenis, he used well polished 
metilhc mill 01 s foi this pm pose 

Obseivations on the diffuse leflexion occuiung upon lough 
sin faces neie fiist made by Ileischel and Leslie, they could 
not howevei lead to accuiatc lesults, because in them the heat 
emitted by these smtaces themselves was not sepaiated fiom the 
leflected heat Uhe diffusion was fiist accuiately piovocl by 
Mclloni, who pi otected the tlieimoscope fiom the lays of heat 
emitted by the icflecting body itself by a glass scicen, whilst 
e g tlie heat of a flame diffusely leflcclcd by a white plate, and 
which passed thiough the glass, c\eited a peu eptiblo action upon 
the instillment 

As on leflcxion at a definite angle, so also on diffuse u flexion, 
the intcn ity of the icflccted heat of com so vaucs ncooiding to 
the piopeiiics of the icflecting body and the stiuctuic of its sui- 
faec, a lesult which la evident fiom the plnenomcna of ahsoiption 
which have been aheady detailed, to which the phoenomcaa of 
reflexion aic complemcntaiy The magnitude of the angle of in 
cidcnce of the lays which reach the diflusely icflecting suifacc, m 
this case excits but \eiy slight influence upon the intensity of the 
lefleeted lays An impoitant distinction fiom simple leflcxion 
consists in vaiious kinds of heat being leflectcd m a chffeient man 
nei by one and the same body Mclloni, to whom science n in 
debted for the gieat advances made in all tlicsc dcpai tments, clis- 
covei ed this phomomenon also He obsei vod that a white sui face 
leflected the heat of aLocatelh^slamp,uccoiding to whether it was 
used witb or without a glass chimney, as also that of led hot plati 
num and coppci heated to 752° F, with clifibient degices of in- 
tensity 

Metallic plates only, the smfaccs of which aic rough, icflect 
heat from all fiomccs in an equal dcgiee, whilst lamp-black ex- 
hibits a scaicely peiceptible amount of diffusion m any 

It has not hitherto been detei mined whetlm on diffuse i 

Jlewion^ ex]^mencGs changes %n %U pfopert%es xohich dtshngmsh tt 
/? om that 'which ts not ^ eflected 

1 theiefore instituted a senes of experiments on tins point, 

was foinul to climiinsh \n propoition to tlio thicknesg of Iho layoi applied , a plipo 
nomonon winch simply dopondB upon the fact, that hoot la ahsoihod to a greater 
extent by a diathermanouB aubstauce of giealor thiokncaa than h> one of loss 



KNOBLAUCH ON RADIANT III) VT. 




chief icsults of winch M. Magnus dul nio the honour ol 
laying before the meeting of the Royal Academy of Heiliu on 
^he 29th of May 1846^ a notice of wlurli was UiKcn fiom tlic 
'Monthly Repoit of the Berlin Academy^ and inseUed iu Pog- 
S^ndoiff^s Annalen^ voh Ixv. p* 58l~.592. In the loUowing mo- 
I shall give the details of this investigation. 

It has been already mentioned^ that of the two means wliudi 
possess of detecting diffeicnces in heal, that of ladiutioti 
Wirough diathermanoua bodies ib jneleiablc to alimnption, iiiid 
p. 227-230 instances are given of the great delicacy of Ihm 
test-method. 

I therefoie adopted it in the present insianeo also, and e\a- 
i^incd ^^whethei ladiant heat permeates the same diatlieima- 
*^ous media in dissimilar propoitions, aeooiding as it is univ- 
Hected 01 diffusely reflected by differonl bodies*^^ 

Qieat differences were in fact found. 11ms, when the licat 
an Argand lamp ladiated upon tlic pile, so that the uciHltn of 
multiplier was deflected 25® it leceded to when a 

'plfite of calcaieous spar 3 7 milhm. in thicKnoss was iuHeiUal 
I>etween tlie source of heat and the thermoseope. Ilic 

IS known, aiose fioin the heat transmitted hy ilio eideareous 
spai. But when the heat of the lamp, clifliisely relleided Iiy a 
c arm me-sui face, had pioduced the deflection of 25®, tlm needle 
receded to 22®»31, when the aamc plate of ealeaiemis spur mum 
xnseited at exactly the same spot between the refleiding smfui e 
the thermal pile. The heat lefleeted by tlie eariniut^ Mas 
tfxeiefore transmitted by llio ealeareons Hjmr eoinimraluelv 
ettev than that umeflecled. The same wan the ease with otluV 
<liatheimanous media. 


The lays of heat diffusely leneclcd by a iiuuilier of hiHlii-n 
■vveie compnied, in tlio inuuiu'r above d (“'cubed, bolli wilh Uiiil 
unrcflectcd and Mith each otbei (as lepiudK (!ie,r tmiisiniHsi,„i 
through chathci-manous snbstauoes). H„uev(T, before uroeee.l- 

c‘\l«‘uiiientM, I niiiM( jnemise Hcnne 
remarks upon the luctliod of pioecedu.g uhieh uas adoul.aJ. 

To ensuie the action of rellceled heal (done upon (he Uunm..- 
scope, caie must of couise be taken to avoid lieaUnn; the i ellcM-l mu- 

metallic eubea which conlamed unier of 
the tempeiatui^ of sunounding bodies. Tims, (hose uli c u. 1 



KVOlU VUCII ON llVDIVNl III VT 


S8G 

80 tint each of them m e\]msed to the iay& of hc^t 
a time ns possible Ihe following obscivations wiH sho^^ tint 
the object iias attained by this means — 

1 When a suifice has been heated (toi the pin pose ol c^a•^ 
mining the heat leflccted fiom it by thiee dmtlicim luous bodies) 
Ijy exposme to the lays of heat foi foui minutes^ it cvcitsno 
peiceptiblc action upon the thci moscope , foi the ncctlU 1 1 Liu m 
almost immediately to its oiiguml position as soon ns the souicc 
of heat 18 lemoved, the position of the siuface itself hcui^ luial 
teied as legaids the pile 

The deflection pioduccd by the diicct ladiition^ nncl mIucIi 
was contiolled befoic each new mseition of a diulhciinuuouB 
substance is theiefoic not peiccptibly incieased cx cn ui tins 
space of timc^ which should occiii it the heat of tlic icflLCtuig 
body itself uere added m a constantly inci easing quunlily to llic 
leflected heat 

Within the 1 5 to 2 horns uhich compiiscd a sciies of ob 
seivations and dining uliich time a cube uas cxjiosctl to the 
lajs of heat at the most foui times the tcmpoiatuio ol the >M\lci 
was not laiscd nioie than 0 ^ It in any cube by ihi iniUuUoii 
Ilouevei, as the heat acqiuicd by the sui faces inclitiL<l iowaida 
the theimal pile meiely pioduccs a deflection of about 1 m tlic 
multipheij the eiiois aiisingfiom this cause in the obscivutious 
made aftei the nisei tioii of the dmthcimanous bodies ennnot o\ 
ceed half degiecs, ui thin which the diflci on cos of the numbeis 
subsequently given may be considcied as accuiatc 

2 On repeating the cxpeiimcnt seveial times, aftet the iiisei 
tion of the diatheimanous substances, the same deviation ol the 
needle is constantly obscived, hence the quantity of lit nt ulucli 
passes thiough it is always the same If the deflection which 
ensues on dll ect ladiatioii wcie pioduced on the lepctitiou of 
the expeiiment paitly by the heat of the icflcctinf^ Huihuci 
themselves, the needle, on the inseition of Uio diaChciiniuious 
media, should exhibit less deviation than bcfoic, because the 
heat ladiated by these bodies is compaiativcly less pcifictly 
tiansraitted by these substances than the leflcctcd heat of an 
Argand lamp (which was used in these expeuments) 

Thus m flve expeiiments aiecess of 6'^25-’0^ 5 ol the needle 
was found when icd glass was used, 4 0 with blno glass, and 
3^5-3^75 with alum, when the heat of the lamp wns ic fleeted 
by blacl vehet, and when the deflection pioduccd bctoic the 
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in 5 .eition was 1 S°. The lepotitions ol ovciy thioe of Uuvsc ob- 
aervations were made at mtcivnls ot five miimtcs only. 

3 Tlie radiation yields the same vnliuvs when (ns shown lu 
•subsequent experiments) one and the same re(lcotni{? subslaiiee 
is used in diffeient degrees of roughness, nltliongli in this ('iwe 
unequal amounts of heat aie absorbed imd ddleienl nmonnls 
Avould be ladiatcd, if the water contnnicd ni (lie cubes did not 
prevent this‘s 

1 theiefoic believe, that by the above proeeHs thv abHoriUm uj 
fieat hxj the reflecting surfaces is su^tvtcnlli/ dimnnshed in allow 
of the assumption, that it has not pcrcoptihly interfmiul wUli 
the effects of the reflected heat* 

The constant fundamental doflcction^ which nmslbo jivodnccd 
by the heat leflected by the diffeicnt lindios before the niserliou 
of the diathermanous media bclMCcn the reflccUn^ Hiiviuce and 
the thcrmoscope, might have boon enteted by apjiroJciuHding ov 
removing the latter oi the source of heat, But ui both cjises il 
■^vas impossible to piotect the thermal pile fiotn all e^ilcrual iiw 
fluences, and especially fiom the immcdialo action of the Honvee 
of heat duiing the leflexion. I thcicfbic picfeiTcd pvodiioin^^’ 
this deflection by a measured withdiawal and iiicUnatit)ii ol the 
reflecting suiface m legaid to the instunncnlj l)nl> <weu Uu'ii, 
to be enabled leally to judge of the changoH wluoh it Iuih uiuler'» 


* IliGse lelatiom do not oxi'it when the cube ih exposed (ti the uiys o( 

ludUi Tha hent nctpiiicd by ihom then deHeitHtho mulliphei He\enil 
c|egit.e% and causes a diminution of the vaimtjoiiH ii/le) the of f)in 

diiithoiinanous bodies m piopoUion to the e\iont of the Hlune they luue had in 
tl^e Constant dnect deflection Tlub is evident (loiu the |o]t(>\Miit^ esiinipii n *• 
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gone by the icflexion of vaiioiis bodies, I was obliged ^ lomly 
to satisfy myscli lint even the altucd position of idb cling 
eulfaces, as legauh each othei, did not piodiicc a < 
tiansmission of the heat by the diathcimanoua 
as tests 

] \peiiment sho^^od that i (f on inseiting the* it-d f^biHS a 
const uit icccss of 15 m the needle oecuued wIuUic i ibi ihieet 
deflection of 21^ was pioduced by the diffuse icllcvion of llu 
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It IS hence evident that ilu hananuhsion oi the diffuscl) 
leflectcd heat by the diathumanous phtes, witlun tlic hmiU of 
these obseivaiions, is pcifectlj %nd( puulinl oj the ch^fawt^ i)i 
chmhon and size of the leflecUng stojaces^ piovidccl Hu\l licloic 
the mseition the same action is excited upon the iiisti luiu nl 
The position of the dmthcimanous substances as icgmds the 
theimal pile Mas the same as m the othci expel uiiciiLw nmde 
Mith them, m Minch it has alieady been shown (pp 20 J and 
204) that fiec ladiant heat Mas the leal a^ent concci iif d 

1 In the fiist senes of expenments mIiicU I insti Luted to tie 
teiminc the he it diffusely leflecied by cUffeicnt bodies^ I used 
the Aigancl lamp Minch has been so ficqucntly incuttoncd this 
Mas kept at a constant level, had a double cm i exit ol au and a 
cylindrical micI , and Mas used Mithout the glass clmniicy o 
allow of the reflecting bodies being accui itcly com pax ed in dil 
feient respects, they wcie divided into ceitafa gtonpH, Mhich 
Meie nevei so far extended as to cause any ftai of ixltciing the 
conditions dunng the com sc of the expenments 
I fiist examined a mimbci of colon^nm/ ifiaitci mxd \my 
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heat of an Aigand lamp, bj' a smfaee of wliite lead, the C(‘uLn> 
of which was 8 inches distant from tlio tlicrmoseopc, and lln- 
noitnal of which was at an inclination of d" to its longiludiiiid 
axiSj 01 at a distance of 975 inches and an niclinalnm of 'iH'', 
The same constant \\ as found at evi'iy other disiunoe and m- 
clniation, as also whatever was the size of tin* rcllcrling mnlai Oi 
The cxpeiiments which wcic instituted on tins jioini aie euii- 
tflined m the following table . — ■ 
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marked diftei cnees were discovcied in them. Thua, \vh(‘n I ho 
direct ladmtion ot the Aigand lump (thimigli u diaplirngm) 
upon the theimoscopc had dcncetcd the lu’edle ul’ th(» tluomn- 
multiphei 13°, on luaeiting the red glass it roreded (o j 
but when a similar deflcrtiori of 1 1° was piodius'd hy ilu* liru( 
of the lamp diffusely reflected by vmnilum, on inscitni^v 
same glass il placed itself at 7^*0 1 5 imd \vh(‘n I hr lu‘nt udhs'li^it 
by carmine had produced this doffrrtion, at H° i/J. "Hium llir 
reflected heat, of the same dii(*ct inlonaity, pasm^d fliroiigh umI 
glass better than the unieflrcted, ami timt ivihs’trd liy emmJm* 
in a gi eater degree than that rdlectod by vrnnllioiu 'Vlw fomio 
occuned with calcareous spar. Tims the unrcfleeh'd rnj s of (he 
-A,igaud lamp which passed tluough the plait* ol (‘ahsntsms H[»ai 
to the pile, deflected the galvaiiomotciMimllo (Imso u* 

fleeted by vermilion 17^*81, and those rcllet'ted by eiirnum* 1 ^ 
Avhen the deviation of the needle before the luHoilion of (ht* cab 
careous spar amounted in each of the tin re eases In 

The follosving table exhibits the dinomices wliicli ocoun t*d u dh 
other 1 effecting pigments and oilier diatluTiuanuns bodifai— 
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(The numbeia maihc 1 w illi an dcsoj vo notice on nccQiint ot thou (hfToi eiKC 


The above^ and all subsequently mentioned icflccting am faces, 
weie 8 centim squaie in ai/e Ihc numbeis, which lefci to a 
diiect deflection of 13 m these as m all othci cases m which 
it IS not e\picssly oihenMfc>c stated, aie each authmetic means 
of SIX obscivations, those i elating to a deflection of 25 , of 
eveiY foiii obseivations ^ Ihc lounei weie obtained by means 
of a multipliei, which M bdjellbach was good enough to lend 
me the lattci by my own, winch has been desciibed at pp 189, 
190, the delicacy of which allowed me to pioducc gieatex dcflcc 
tions by the dncct xadiaiion ot the icflected heat, without any 
feir of distmbance fiom the absoiption of heat by the icflcciing 
surface 

I repeated each of ihc expeuments six times moicly because 
they weie the hist which I instituted with icgaid to this point 
and thus I convinced myself, with peifcct ceitamty, of the coi 
rectnesa of my lesults and of the limits of then uccuiacj Sub 
sequently, w hen I cxpeximcnted aftei gicatci piacticc, and m 
summex undei moic favouiable conditions of iempciatuie, fom 
lepetitions appealed to me moie than sufTicient 

The relative supeiioiity of the tiansmission by ladiation of the 
xeflected heat in corapaiison with that unieflccted, wlxxch was ob 
seived m all (fable XXIII ) the instances detailed, completely 
lays aside any doubt which might lemam xegciding the oiigm 

Thus each of the foimci la the losult of twelve Bopaiato loadings fiom the 
uiulUpliei sinco tlio duect deflection senujg foi comnnusoii ivas conti oiled he 
fie adi n w insoitioii of a dinthou lanous body and oath of tho lattoi is tho 
re lilt of eight 
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«ftor the inecrHon when the heat of the Aigflurt lamp in lellcUt il bj 
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those aejies maiked with jui :=> fiom then suiulftiity ) 


of the difTciences observed ftoin the addition of the heal of (ho 
reflecting sm faces themselves to the rays from iliu origami houi oc 
of heat, for^ as we know (sec Tabic XV, pp, 225 and 22fi), (ho 
foimer are less perfectly ii'ansmittccl by all the diathcrnmiunis 
media used than those of the x\i gaud lamp. Tbiis^ to gi\c a 
single instance, the rays of heat cmiiLcMl by a body bclo\v 2d f ’ K, 
which have pioduccd a direct dcllecliou of 25'‘, ulbn (be iusi'r- 
tion of the calcareous spai, cause the needle to deviate 
those fiom an Aigand lamp, c\cvting the Hanie diieel aelioui 
aifter the inseition of the same plate, defloct llie needle 
Hence, if the foimci wcicaddccl to the latter, ho uh when uniU'd 
with them to pioduce a denccUon of 25*^, n less d(*vm!Hm I him 
15 ^ 10 should occiu after the inscition of llie ealcan^ouh apiir. 

^ An increase to 22®%dl, however, as wc found e, f/. wilh llu' ear 
mine (Table XXIII ), would be utterly nupossdile 

It appealed to me intcrcslnig, with reguid lo (h<^ ))n*scuf 
question, to compaie the same siibHlanceSy fjul ofihOhenl vuluun^ 
with each other, 

On so doing, it appeared that, e.y. the heal reileelcd by while 
and black ^satin, as also that by white and bhu'k talledi, (Mndd 
not he distinguished by indittlion tlirougli lh(‘ above bodu^f^ ; Ibi 
the lays of heat emitted by all these amlheeH, whuh jmsHcd 
thiou^i the left glass, deflected tlio needle of the muliiplier 
when their direct action piodueed an indicaliou ol' 
13 % and those passing through the caleareotis 8p»0’ eiiUHcd a de-^ 
viation on7^^l2^ir5o the needle wlmn tlu^ dellcetinn before 
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the inspition amounted to 25 Ihe heat leflected by black and 
\^hite velvet theiefoie ladiates thiou^h the above substances in 
vciy unequal piopoitions foi when the heat was icflected by 
the ioimeijj the needle, on the iiiscition of ihe led glass, moved 
fiom 13^ to 8^16, but when the leflcxion was pioduced by 
blael velvet, it lecedtd fiom 13 to 5^5 On mscitiUj^ calca 
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Coiiesponding lesults wcic obtained on the compnuaon of 
othei substances of diffexcnt colouis finis, the heat icflectcd 
by white papci, which had diicctly deflected the needle 18®, on 
the inseition of the led glass pioduccd a deviation of 8® 29, that 
leflectcd by blael papei a deflection of 6® 12 , and on the insei 
tion of the calcaieous spai, the foimei caused the needle to 
deviate to 19® 81, the lattei to 13® 38, when the dneefc deflection 
amounted to 25® If these v alues be compaicd w ith those lepie 
seniing the poition of the umcflcotcdiays which passes tlnough 
the red glass and the calcaieous spai 7® IG and 14® 56, it is 
evident that ihe tiansniission of the hent tlnough these bodies is 
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a»3 

reous spai', it I’ccedecl m the fiiat cnso from 25 " to mul 

m the second fi'oin 2 SP to 16 °’ 5 . 

Similar diffeiences weio observed m oilier (mloiired niuIiu'i'h 
boraposed of smooth silk and velvet, im shown l»y the luuicved 
table, which also exhibits the iclation ol’tlu- IruiiHinissiou ol' the 
I'efleoted heat to that of the unroflecLcd f j— 
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comparatively facilitated after icflcxioii liy ivliih* pnjier, liul ini 
peded by that fiom black pnpci. 

The same was obaeivetl with the other diiitheini(iiimis niiMliii. 
The following table contains these <hn‘eieiit‘en, ns iilso Ihosi 
which occimcd on the reflexion of the heat hy ollnw mihsliuiceM 
of the same kind, of chflerent eolouva :~ 


* riiat the ntimliow which give llio (inimniisHiim i.f the iiniefti'clnl lumi 
ttuoiigh tho (Imthcunwiouft bodios jn tho (lidcieiil tnl,h,H m« not ilis ,U, 
psiuls upon thou liming hooo obwivcd on di/Jlnmif ilnvn, nnd ilmt uu.Ur 
nltoicd coinlitions. It wonhl Imvo beon iihpIcsh a, Imvc irilui ml liintn, 
the compnmou of ilio iBnoctwg sinW n. iiovin e\(uu«(,'d In.^oml n Ningle 
giQup, within the Itinil-i of which it la ol full value ^ " 
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Diffcjenccs weic also peiccptiblc on leflexion by Hoodies ofiht 
same colon) ^ 

On compaimo togethci a mimbci of white '•ui faces, I found 
e g tint the heat diffusely leflccted by ivoiy, the diicct deflec 
tion of winch pioduced a deviation of 11° m the ntcdlo aflci 
the inseition of the icd glass, pioduccd a deflection, of 7 ’ 3^ in 
the thcimo raultipliei, that icflcctcd by w bite velvet D® 01 On 
inseiting the calcaicous spai, m the fiist mstnneo, n lecess of 
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I also made the same expeiimonts with black sui faces as with 
the white It was then found, that e g the heal i cflected by 
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Table XXV. 
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the needle from 35*^ to 17°’44 occuiied} in the second, fiom 25° 
to 21° 31, 

The following table contains the observations which were 
obtained on the transmission of the heat icflectcd by diffeient 
white bodies through the diathei manous media used for testing 
them. On corapaiing it with the unieflecled, it is evident (hat 
all except that which is leflccted by silver having a "dead” pohsli 
can be chstinguished by means ot tiansmission from the direct : — 
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black paper, which caused a direct deflection of 1 3° in the needle, 
on mtioducing the icd glass, produced a deflection of 8°'0^ 
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and that icflectecl by black lac^ nuclei the same ciicumstauccs^ n 
deflection of 10^64 That poitiou of the foimei which paasod 
thiough the plate of c lie'll cons spat letainod the needle of the 
gahanometci at 14 the poition of the lattci peimcating it, 
at 20 38, \ihcn the duect ladiation of the icflceted heal had 
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F^cepting black wood charcoal and blown coal, none of the 
surfaces of the vaiieties of coal used icflcctcd sufficient heat to 
allow of their being e\poiimented upon by iiansuussiou 
The diffusion is most feeble in lamp black and anmial clmi- 
coal This leudeis the changes which the heat suffcis on le- 
flexion fiom the sui faces flist mentioned the moic icniaikublc 
Thus the lays icflectcd by brown coal pass tliiough ltd glass, 
alum, calcaieous spai and gypsum to a gieatoi, those ic 
fleeted by black vegetable cliaicoal tUiough the same bodies to 
a less extent than the unieflected lays of the lamp Ihc fol 
lowing nurafaeis coiiespond to the quantities of heat which wcic 
diffusely leflected upon the theunal pile at the same and 
the most favouiable position with legaid to the Aigand lamp, by 
Indian ink lamp blacl , animal chaicoal, fossil coal, coke and 
graphite — 
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placed it at 25°. Only beat diffusely reflected by nheet non 
passed through the diathcrmanous substances in the same 
manner as the unreflected hcat^ as may be seen from the 
’subjoined table, uhich contains the details of this investiga- 
tion : — 
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Tima black bodies, as icgaids luminous layn, obscivo llic aanio lolations luj 
those which aio colomed to bent 

The rays of heat reflected by certain homoffeneoufi dorhoa piisned 
thiough the diathcjintuious media in an unalteiod jnoportion. 
Thus, on insciting the icd glass alter a dnect deflection of 
had been pioduccd by birch-wood, cork or inalioguny, tlie needle 
became placed at 8°*08 to 8°*173 *ind on the mserlion of the cal- 
careous spar, at 18° 50 to 18°*62, by u’hichever of IhoHC three 
surfaces tlic heat was reflected, to deflect the niHallo 25‘\ 

The same occuricd with metals and alloys, in winch the ])oeu- 
liarlty was observed, that the heal diffusely reflected by their 
surface after it had received a “ dead^^ polish, is undmtinguish- 
able on tiansnussion, a icsult which is in conformity witli the 
proposition laid down by Mclloiu, that rough metallic surfuees 
act towards heat in the same manner as white bodies upon light, 
e*fj4 on insertion of the rod glass, the needle of the multiplier 
receded from 13° to ^^nd on inserting tlic calcaieous 

spar, fiom 25° to 15°‘33«15°’08, when the inys of heat either 
directly reached the pile, or were difluscly icfloctcd by gold, 
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platinum, meicuiy coppei, lead binss oi anv other mctrl oi 
alloy 

Ihe following table shows how gieal this agiccmcnt oi the 
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fhe compauson ot tlit heat leflectcd by soim yitj JcUly htU 
rof/enemis mt faces led to the same lesulls as the c\j)uimonta 
just detailed 


Thus, the lays of heat leHccted by giccn oil cloth, whioh 
passed thiougli the icd glass, piodiiced a deflection of 7°f), 
those leflected by white calico, which weic tiansmilted tluough 
the same plate, a deflection of 8 5, when the needle had de 
vidted ia° before tlie inscition and those passing thiough ctil- 
caicons spai piodiicedin the flist instance a deflection of 18°, m 
the second of 20 81, when the theimoscopo by the dnecL aclitm 
of the reflected heat indicated 2^*^ 

The heat leflected by jcllow nimble and bncli uood, liowevei, 
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deflections in \aiiDii9 suificcs of woods and metals^ foi all 
the dntlieimanous media used^ and at gi e Uu deflections than 
those above mentioned — 


Tabll XXIX 
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ladiated thiough the diatheimnnous media in exactly the same 
piopoition Thus, on inseiting the led ghss, each dcllcctod the 
needle of the galvinomcfcci 8^ 14 to 8^ 17^ the duett deflection 
being 13^, and on mseitmg the calcaieous spai, 17 ° b2, when 
the diiect deflection amounted to 25*^ They nic howevci well 
distinguished by the heat diffusely lefleeted by a metallic sm- 
face, which, like tint unieflcded, on insoiting the glass, caused 
the needle to iccede fiom 13^ to 7°b7^ intioduemg the 

calcaieous spai, fiom 25*^ to 14^41 
The subjoined table contains the details of the obsci vutions on 
these and some othei leflecUng sui faces, as found with the dif- 
feicnt diatheimanous bodies — 
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By these lesult it is tlieiefoie placed beyond all donbtj that 
heat, on dijfuse leflexion, ts veny (l]ffei(.nlhj modijicd, hy some 
bodies to a gi eat extent, hy otlms it is unchanged 

It IS evident, fiom the following obseivntiona, thnl tiicsc 
changes, when unpolished bodies aic used aie iniUjKudtnt 
of then degree of 'toughness ^ tox, e ^ a deflection cl 7 G3 to 
7 7^ IS constantly found on the inscition of the icd glass, 
whether the heat of the Aigand lamp is icflcclcd by u inoic 
01 less lough suiface of wood, to cause a deviation ol Id m 
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As was to be expected, the altciation of the ti ana mission of 
the heat aftei leflcxion m one dnlhcimanoiis substance, bcais 
no 1 elation to its passage thiough any othoi 
Rays of the same dnect intensity icflectcd by caimino (sec p 
389) white velvet (lable XXIV ), and many otlici sui faces, aic 
transmitted by all the six diatheimanous bodies with which we ai c 
acquainted in a greatei degiee than the unicflcciod, and those lo 
fleeted by black papei (see p 394, lable XXV ) and wood ohtu- 
coal (p 397) aie tiansmitted by all in a less dcgice than the un 
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the needle. The &ame js the case with the other dinthermanous 
substances. 

In the case of metallic surfaces, the diffuse i ellexion fi om which 
does not exeit the least influence upon the liansmission of the 
heat by radiation through those diathermanous plates winch have 
been hitherto expenmented upon (sec Table XXIX.), it is, in 
fact, a mattei of indifference wliethci they aie used in a j eflcctnig 
01 any other condition of the surface. In tins case also the sub- 
joined tabic contains the values observed : — 

Table XXXI. 
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leflected lays. But the heat loflcctcd by gicen velvet 
(see p. 393) lachntes through alum, cnlcaieouB spar unci gyp- 
sum better than, iccl glass as well as, and lock-ault less perfectly 
than the direct lays of the flame. The same oocura with other 
suifaces* 

In the following table I have grouped some cvamploR wdiich 
are charactenstio in this point of view, in which those columns 
especially which arc marked with the same lottei when cuxnpaied 
exhibit peculiar relations • — 

Table XXXII. 
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Thus the lays oi heat leflectecl by white velvet pass thioiigh 
alum and gvpsum m a gi cater thiough calcmeous apai m an 
equal, and through red and blue glass and loclc salt in a less 
piopoition than those leflected by cainunc Iho heat icflcctcd 
by peroxide of tm passes through led glass moio fiocly, blue 
glass, alum andiock salt in the same piopoition, and calcmeous 
spai and gypsum in a less degree thui that icflcctcd by molhei- 
of peail The values obtained on the tiansimssion of the hent 
reflected by black lac and blacl cloth tlnough the above bodies 
exhibit a similai vaiiation The lays icflected by icd and gicen 
vehet peimeate led and blue glass, alum and locl salt m the 
same, calcaieous spai and gypsum m a difteicnt maimci 

It would be tedious to considei m detail the otbei instances, 
which lead to similai ie<^ults, and completely conhirn the position 
aheady advanced (p 202) wu that the iumsmission ol heat 
thiough dmtlieimanous media depends solely upon the naliuo 
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I I fiiat produced reflexion fiom those am faces which in the 
previous observations had exhibited the gicciteHt d\(ftiu}Qi8 
The results to winch the expeiimenis with the Aigaml Idinp led, 

Tvblt XXXIV 


! 

rh kn 
n m U 
m t 

s k t i c t 1 

1) fl tl n 
b> )1 t 
dl tlon 

16 j 

Red glass 

13 

14 1 
14 

Blue glass 

Alum 


44 

37 

Rock salt 

Calcareous spar 

20 

14 

Gypsum 

1 

j 



D n 

tl fto 

ftf t 1 ot 
reft t \ 

Oyp ui 

C f l 

8 60 ' 

B76 

10 00 

050 

0 76 

7 00 

f 00 

0 J5 

726 

18 00 ' 

i 18 00 

18 d7 

1212 

1 16 60 

10 75 
* 

CD 

1 10 00 

18 87 


) 



KNOBLAUCH ON RADIANT HJiJAT, 


403 


these bodies, by virtue of which they transmit some rays nioio 
easily than others. 

2 The next question was, how the modifications of Jieat pio- 
duced by diffuse reflexion, whicli ensue on their transnussion 
through diathermanous substances, would bo affected by (l\(JWvnl 
sources of the heat. 

I'or this investigation, in addition to an Argand liuiij), I 
^ade use of platinum at a led hent (p. Idd), llu* flume of 
alcohol (p. 193), and a metallic cylinder, whicli was hrulod 
being placed ovei the flame of the Aigantl huun (p, 
1»S) 

^ yVe know that the lays of heat emitted by tlioin are ordilfercmt 
hindsj by the unequal propoi tions in which they pass ilu'ough 
the same diatheimanous bodies, and ns may also bo HCU‘n in the 
following table, in which they aic given for diffbrout direct de- 
flections • — 


Table XXXIII. 


the insertion by 

Beflec 

1 Deflection nfter tJioinseition by 

Doflec 

1 Dcflrptlon (iftpr (boliiMt rtloii by 

Flame 

of 

ilcobol 

BJctallic 

,c^]i3i<lor 

tion b} 
direct 
rndin 
tion 

Argand 

lamp 

lied ])Dt 
platl 
imra 

PlainQ 

of 

alcohol 

McLftlHc 

cylinder 

tlon by 
dlrcrt 
rwtUft- 
tiou 

Argftud 

lamp 

Hcd lint 
pliiLi 
imiii 

1 iiniiu 
nt 

altdhnl 

Mtilnllbi 
ryJbuti j 

11 00 
10 60 
6 26 
IS fio 
10 00 
7f60 

7 00 

6 76 
0 26 

17 60 

7 25 
7 60 

30“ 

30° 

2026 

16 76 
11 76 
20 60 

17 50 
13 60 

18 25 
JO 26 
8 50 
26 37 
1187 

0 87 

1187 

1112 

7 87 
23 60 
1126 

8 62 

8 00 
7 87 
7 02 
21 60 
7 02 
«0() 

50^ 

60^ 

;i6 0(1 
3260 

iii no 
-W 00 
36 00 
27 60 

30 1)0 
2H‘f)0 
10 25 
'15 50 
25 50 
20 00 

2« 26 
2H 26 
16 60 
^13 26 
2100 
10 60 

iTmT 

1050 
15 50 
12 50 
12 50 
15 00 


are contained m the following tabic, and require a now urrangi*- 
ment foi this method of gioupmg tlieni i 


Table XXXlV. 


-5? ‘^au rtlon when the licat of the Atg and Imuti it r(>llc(’1cil liy 


O^ldo of 
copper 

Red 

taffeta 

White 

velvet 

v 

Black 

velvet 

Blnck 

pnpor 

i 

1 

Wooil 

Urceii 
oil (lg|!i, 

8 50 

G50 

5 50 

18 00 
16 37 

12 00 

9 00 

6 60 

6 60 

18 00 
15 12 

12 26 

9 00 

Hi 

660 

776 

16 60 

IK 

14 62 
* 

8 26 

6 00 

6 26 

1787 
13 37 
% 

1137 

♦ 

7 00 

5 76 
6*00 
♦ 

](} 02 
10 30 

at 

8 76 

at 

0 00 

0 76 

7 60 

18*00 
10 37 

14 Id 

R5(> 

6 25 

6 00 

17 «7 1 
16 12 

12*60 

K25 

* 

6(10 

O'DO 

17'6(> 

13 02 
* 

1137 


2 u 2 
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It 18 hence evident that e g tlie needle ol the galvauoinelu, 
which hid been deflected 13° by the leflexion of the heat horn 
the above source leceded to 10° on mseiting the led glass 
when the heat was leflected by cmmme, and to T when b/ 
black papei or when it Ind deviated 20° on the insoition of 


Table XXXV 


1 

If 


J) fl tl 


I) fl cU ft 

in.1 K 

mill 1 
va t 

8 1) t 1 t 1 

ly 1 t 
d il 

Mil t 

fl 1 1 

Gyj 

( 1 

\5 

Hcd glas 

13 

701 

7 71 

8 70 
* 

14 

B1 e glass 


COO 

0 10 

7 00 

14 

Vliim 


ICC 

3 70 

in 

44 

Rock salt 

oO 

18 11 

18 00 

18 50 

37 

Calca eous sx)ft 


1003 

UOl 

1181 

•h 

1 i 

Gvpsi r 


9 2r 

u la 

noi 

1 


It was found that tlie heat loflectcd in this instance by cai 
mine, when it again produced a diiect deflection ol 13 , on in 
serting the red glass produced a deflection in the thcimo multi 
pher of 8° 79, and that loflccted by black papei under the same 
circumstances an indication of 6° 42, oi on tho mseition ol the 
calcaieous spai, the foimei a deflection of 1 1° 81, the lattci of 
9° 69, when the diiect action of the icflcctcd heat had caused the 
needle as before to deviate to 20° 

'Ihus the differences in the heat icflcctcd by caminc and 


Table XXXVl 


Th k ea 


1) fl tl 


D 11 

t ft 

i mill 
m ti 

S 1) t i ted 


lU t 1 t 

il t I 

Gyp \ \ 

C rmi 

16 

Red glass 

n 

187 

r 00 

6 76 

1 1 

1 1 

Blue glass 

Vlum 


4 00 
31)0 

i2r 

2 60 

1C2 

2 02 

41 1 
37 1 

Rock salt 

Galea eons spa 

20 

IS 00 

8 08 

10 00 

0 50 

10 so 

10 70 

14 

Gypsi m 

i 


7 00 

1 

8 26 

1 

♦ 

8 87 


Thus, when the heat of this flaipe was reflected by cm mine, 
so as to deflect the needle of the themoscope to 1S°, on nisei ling 



KwontfAUcn on uadi iilat 


405 


the calcaicous spfii, m the fiist caso to in the second 

to 10"^ 5 

The icpetition of the same cvpciimuit with tlic inys of 
Ved /fot idatimm yielded the icsults detailed m the follovMng 
table — 


T\uLn XXXV 


tho Insertion when tl p lieni of the i rf hut, pUiUnxmi is loflectcil l>y 


Faro'S kIo 
of copper 

Fed 

tnffctti 

U liUo 
velvet 

Ulttck 

velvet 

Hlnck 
|ni)i r 

' Mlito 
wool 

^Vood 

(ireori 
oii clotb 


7 02 

726 

700 

, (142 

726 

7 21 

7 33 




♦ 

1 » 



* 

6 07 

CO 

0 26 

6 70 

6 12 

025 

0 01 

0 08 

S75 

i08 

160 

3 71 

3 17 

126 

3 03 

0 71 





* 




18 00 

18 06 

18 00 

17 60 

10 03 

18 00 

18 00 

1738 

12 88 

1260 

18 03 

12 36 

0(i0 

1311 

U38 

12 26 



JK 


* 



At 

10 60 

10 00 

1160 

1038 

860 

11 13 

10 03 

10 31 



tk 





* 


black paper, when transmitted tliiough led glass and calcaieous 
spar, aie less with the lays of led-hot platinum than \uth those 
of the Aigand lamp The same applies to the diffei cnees which 
occur in the othei dmthoimanoiis bodies, and in consequence of 
leflexion horn all othei smfnces 
The leflcxion of the heat ol aflame of alcohol^ when exatnmod 
in the same mannci by means of tianamission, led to the values 
expiessecl in the subjoined table — • 


Tab iL XXXVI 


llio insorrtion ^\licn tho hent from ik fitme ofutcnhul is rcflcetc I by 


I crotulc 
of c )| per 

nd 

tuffctn 

W hltc 

V Ivct 

alack 
vclv t 

ainclc 

imj cr 

\\ liito 
wool 

1 Wooi\ 

^ Green 

Dll clath 

187 

6 60 

176 

162 

126 

176 

137 

4 50 



1 * 

% 

Ht 



♦ 

U6 

187 

125 

113 

8 02 

112 

1 17 

126 

212 

2 02 

2ir> 

2 60 

2 37 

2 36 

2(i2 

250 



K 

'¥ 

■¥ 




16 on 

10 00 

10 C7 1 

16 60 

1176 

10 00 

10 00 

16 50 

0 87 

1000 

0 75 

0 36 

800 1 

0 87 

0 87 

l)2ff 



)K 

It 

♦ 



* 

7 87 

82fi J 

8 00 

7 87 

687 

8 00 

8 13 

8 00 



* 

nt 






the icd glass it lecLcled to 5® 7^^ and to 4* 26 when the direct 
deviation of 13^ was pioduced by leflexion fzom blick paper;, 
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01 the needle leceded the flist timo fioni 20 to 10” 75» 
second time from 20 to 8 , when the plate of cnlcflioous spin 
lias intioduced between the leflecting sinface and the ihcimnl 
pile 

On compaung these lesnlts lutli the foimci, it is cvkIcuI that 
the diffeiences iihich iieie found on the pnssnge of the heat of 
the flame of alcohol aftei leflexion by ciiminc and hluilc papci 
thiough led glass and calcmcous spaij iieic less than those iihich 

Tadld XXXVII 


Til k 
mil 
m tre 

S 1) t ert 1 

J) 11 \r 

ly K t 

11 t 


1) n 

U f( 

^^i\ t 

/( i 1 

0 p 

Onr 1 

15 

Red glass 

13 

3 25 


125 

14 

Blue glass 


2H7 

2 7r 

2 87 

1 i 

Ml m 


2 00 

1 2 00 

200 

44 

Rod salt 

20 

10 00 

1 1021! 

10 00 

37 

Calcareous spar 


5 25 

r26 

5 25 

1 i 

Gyps m 


(3 00 

000 

000 


Hencej in this instance, the heat leflcelecl by cniniine nnd 
bkok papei iias tiansmittcd thiough lod glass nnd cnknicous 
spni in exictly the same mnnnei , foi ivlicii then dnoct action 
produced a deviation of 13”, they both deflected the netdlo of 
the galvanometei to S 25 when the led glass iias inseiLcd, oi> 
the diiect deflection being 20” to 5 26-5 0 when the plate 
of calcDieous spai iias mtioductd between the icfleoting suiface 
and the theimostope Noi iieie the lays, iihcn leflectod by 
other suifaces moie distinguishable by any one of the dialbeima- 
nous substances, eithci fiomcnch othci ox hoin those unicflccled 
Thus with these souiccs of heat no difleioncos could be de- 
tected aftei diffuse leflexion 

Tvuup XXXVIII 


T1 k 63 

m 11 

TO t ea 

s b t 8ft t 1 

15 

Red gla s 

14 

Bl le glass 

14 

A1 m 

44 

Rock salt 

37 1 

Calca eons spai 

1 4 

Gyi sum 


I) a tiev 
ly ll l 
(11 i 


1) f! 

n ft 

MU t 

fl t 1 

Oyj 

r i 

10 

10 li 

n 83 



8 60 

ana 

0 31 


( 00 

ro 7 

8 13 

30 

2700 

27 00 

38 00 


18 00 

32 25 

3100 


1126 

^ 19 00 

20 00 
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red-hofc platinum exlnbitecl after leflcxion by the same bodies. 
The same was the case in the diffeicnccs noticed with other 
diatheimanous bodies^ as also in those which ncie obscived in 
»the lays reflected by the othei surfaces on ti ansinission thioiigh 
led glassj blue glass, alum, lock salt, calcaicous spar and gypsum. 

An examination of the heat of an tron cyhnde) heated to about 
212° F., reflected by the same bodies, yielded the results con- 
tained in the following table \ — 

Table XXXVII. 


tlio Insertion when tlic heat of tUo hot mMUo Cfflmdu la redooted by 


POVOxlclc 
of copper 

Red 

tnfftto 

White 
\ civet 

Jllnck 

velvet 

niaok 

papGi 

White 

wool 

Wood 

Greon 
oil cloth 

A 25 

J26 

350 

3 25 

.125 

3 25 

3 25 

J25 

2 87 

2 87 

2 75 

2 87 

2 87 

2 87 

2 75 

2 02 

2 00 

2 00 

2 25 

2*25 

2 ]2 

2*00 

2 25 

2 00 

10 00 

10 00 

16 00 

10 26 

Ifl'OO 

10 25 

15*75 

10 00 

5 25 

5 25 

5 25 

6 25 

6 50 

5 50 

5 50 

5 25 

0*26 

0 00 

025 

6 00 

0 26 

i 6 25 

6 25 

6*00 


Hence these experiments prove that the modiflcaiions which 
heat expet lences on reflexion aie very considerable m the case 
of the heat emanating Aom an Argand lamp, that with the 
heat of the red-hot platinum they dimmish^ with the heat of 
the flame of alcohol they are still less; and in the ease of the 
heat emitted by a heated iron cyhndei, of whatever tempera- 
tiue it may be, between ^9^ and about 234® F.*^, they absolutely 
vanish 

To render this still more distinct, I lepeated the expeuments 
detailed also at grcatci deflections than those aheady given. 
The niimbeis which weie found are arranged in the lollowing 
table — 


Table XXXVIII. 


tho insertion whoa the heat of the Argnjid iamp la rodcctcd by 


PcroKido 
of copper 

Hcd 

Inflfctn 

Wlilto 

velvet. 

Plack 

velvet 

JUnrk 

paper 

White 

Wool 

Wood 

Orotn 
oil cloth 

1175 

U 83 

1167 

10-00 

81)2 

1107 

1133 

10 50 

8 92 

8 68 

8 12 

8 00 

7 33 

8 12 

8 12 

8 58 

6 75 

776 

8 60 

700 

1 5 83 

8 60 

7 25 

6 02 

26 75 

27 00 

20 75 

1 20 26 

1 2176 

2700 

27 00 

26 25 

21 75 

2160 

23 50 

1 19 50 

1 16 50 

82 76 

2125 

1 10 50 

1700 

1800 

2160 

1 16 76 

1 13 60 

8060 

18*00 

15 75 


f MontlUy Uopoit of tlio liedm Acrtaijiiiy 

r IB ^^0 high When the tcmpciatme ol the oyinulei ih ahovo 2^4^^ 

t' (tiius nt a tompoifttiuo which is fai too low lo pioduco a vs<<lblo ictl heat), 
(hllciencGB do ounr m the tranamwBion of tho heat lollectcd by difUnent hodioL 
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Tvble XXXVIll [conhmted) 




n fl t 

i> n 

il lift __ 

. K 
m jl 
t 

s i t nc 1 t 1 

ly 1 t 
dl tl 

M t l t 
fl t 1 

I ^yv 

( t i 

U 

14 

Red glass 

Bli e gla s 

30 

1012 

917 

11 26 

9 76 1 

^1 81 
10 08 

14 

Vh tn 


8 08 

8 17 

8 75 

44 

Rock salt 

20 

18 13 

18 00 

18 50 

n 

CM ai eoi s spa 


10 83 

10 tM 

1 1 81 

14 

Gypsum 1 


9 25 

1 1 1 13 

11 03 




D fl ti U oft u ' 

c tl 

15 

Red glass 

25 

9 87 

1 0 87 

11 02 

14 

Blue glass 


9 00 

i U 00 

0 87 

1 4 

Vliim 


5 50 

r 75 

(lOO 

41 

Rock salt 

2 

2037 

1 20 60 

20 87 

37 

Calca cons spar 


n 75 

12 25 

1 1 18 

1 

Gypsum 


0 50 

11 n 

11 01 




DOfl tl 

jh tl 

15 

Re 1 glass 

2r 

8 87 1 

9 00 

000 

1 1 

Blue glass 


812 1 

B12 ; 

8 00 

14 

\lum 


C60 ; 

032 , 

0 50 

1 i 

Rock salt 

10 

22 ISO 

22 50 

2" 35 

37 

Calcx coi 8 spa 


0 87 

SMIB 1 

0 03 

14 

Gypsum 


10 oO 

10 25 

10 38 


It 18 thus ag'im shown, that the cliariffts mideiyone by Hat 
on diffnse rejlewion are occasioned both by thi natuie of ike 
soil) ces of heat and the pi opei ties oj Ikt i eflecting body 

ihis IS connected with the fact, that the lays of heat loilocted 
bv different substances, change, m n ceitam lespect, their icla 
tions to one anothei 

Thus the heat of the Aigand lamp, when icflcctcc] by cm min o, 
IS tiansmitted thiough gypsum less peifeetly m companson with 
that leflected by white velvet, the lays of icd hot platinum ic 
fleeted by these surfaces, howevei, peuneato this plate in the 
same manner and the heat of the flame of alcohol pusses tin oiigh 
It after leflexion by carmine compaiativcly bcttei ihnii when le 
fleeted by white velvet The same ocems, under similai cii cum 
stances, with white lead and white wool Iho xnys of heat of 
the Aigand lamp, when leflected by led taffeta and pci oxide of 
copper, are tiansmitted by a plate of alum m a diffcicnt piopm 
tion, whilst those of platinum at a led heat, when reflected by 
the same surfhcea, are so m the same piopoiUop 
1 hese examples are sufficient to illustiate the pioccsb in qncs 
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the iimertlon the heftt of i ed / of ji/tifitmwt le reflc cteil hj 


I cr03tl<l<3 
of coi p er 

Red 

tn^^eta 

White 

vt-lvot 

Black 

VoWet 

Black 
pa( cr 

White 

l\0 \ 

Wood 

< ncii 
oil cloth 

1150 

1142 

10 76 

10 60 

9 68 

1081 

10 76 

iotiT 

9 8a 

9 83 

9 60 

9 00 

8 n 

9 n 

9 17 

9 08 

8 08 

8 33 

8 68 

817 

7 n 

8 6H 

8 H 

817 

18 00 

18 06 

18 00 

17 30 

lOOJ 

18 00 

18 00 

17 48 

12 88 

12fi0 

13 09 

12 25 

9 69 

19 41 

U 48 

U >6 

10 66 

1069 ; 

1160 

1038 

8 50 

11 14 

lU 0 4 

10 41 


w1 en the boat of an alcaftolk /lame tn BerzeUus » Itimn >» rcflcctoil hy iho nlunc 1 iihIIc« j 


1137 

1100 : 

9 60 

9 87 

8 76 

9 60 

0 75 

10 12 

S87 

9 02 

8 76 

8 37 

8 26 

8 75 

8 I7 

9 00 

5 62 

0 26 

6 60 

6 62 

6 12 

6 60 

0 01) 

0 12 

20 37 

20 60 

20 97 

20 12 

1964 

‘>0 60 

dO 50 

20 26 

13 76 , 

13 CO 

12 76 

12 26 

1114 

J2 87 

1 ( 00 

12 26 

11 12 

1100 

10 60 

10 00 

9 26 

1060 

10 KK 

0 87 

itlicn the h oat of tl o hoi mehlUc OffUmler la collected h> tho flamo hodicnj 


8 87 

8 87 

, 8 87 

8 87 

8 76 

8 87 : 

8 87 

8 87 

812 

8 00 

812 

800 

8 00 

812 

8 00 

8 00 

6 60 

6 60 

6 62 

6 62 

0 60 

0 62 

6 70 

0 62 

22 50 

22 87 

22 37 

22 50 

22 62 

22 97 

22 02 

22 97 

9 61 

9 63 

9 50 

0 60 

9 60 

9 60 

960 

9 (43 

1050 

1038 

10 38 

10 50 

1038 

10 38 

10 50 

10 60 


tion, Mhich was observed in the sime maunei in othci leflcctmg 
sui faces and diathei manous bodies 

IT It still lemnined to be detu mined whcthci those siu faces 
hich es:eit a stmilm tnjluencc upon the lays of I he Aignnd 
lamp, t e which they icflcct in such a inannti that (he Iioal ic 
fleeted by the one is liansmitted by the diathoi manous media 
xtsed foi testing in the same inopoilion as that icflcottd by the 
otheis, would also reflect the hcntfiom the othci souicos, so that 
the lays leflected by them would pass thiough these substaiiees 
in the same mannei 

To 'isceitam this, I lepeated the cxpeiimcnts pci foi meet with 
the Argnnd lamp with the icd-hot platinum, tho flame of alcohol 
and the cylmdei at a daik icd heat, using foi u flexion those 
sen faces the similar action of whieh upon fho lays of heat of the 
former appealed to me especially icmntkablc 

The following table contains the nunibeis which wcio found 
on the tiansmission of the heat of the Aigund lamp loflected by 
tliem thiough i#d glass, blue glass, alum, look salt, calcareous 
spar and gypsum — • 


“I tho Hiirftiaay 

ny ciioMoii weie enp iblc of pioduchii, a ticutw dedathon llum 20 “ 



Rod glass IS® 

Bluo glass 

Alum 

Book salt 20 

Calcaicous spar 
Gypsum 


7 00 7 00 
0 00 6 87 
8 60 *1 (>0 
18 13 18*10 
10 03 loco 


WhUo 

anlin 

Ulnak . 
Bulln 

tnfrotAi 

8 60 

8Cl) 

HfiO 

700 

7 00 

7 00 

176 

176 

6 00 

17 87 

17 87 

17 87 

12 60 

U f>() 

14 60 

10 60 

10 60 

10 37 


Neithei do \\e here find any difFoiencc m the tiansmission oi 
the heat leflected by the bodies which aie compaiedj foi the 
needle lecedes from 13*^ to 7^ on the inseition of the iccl glass i 
and on mtioducing the calcaieous spai^ fiom 20° to 10° 63 --1 0° 5, 
whethei the heat of the led hot platinum is uniefleotcd oi dif- 
fusely leflected by silvci oi sheU non Ihe lays lefleoted by 
^\hite oil paint and black lac, which pioduccd t^diicct deflection 
of 13”, caused the needle to deviate 8° 6 on Uansmission tliioiigh 
led glass, and v^hen the dnect deflection was 20°, on iiansmiB- 
Sion thiough calcaieous spai, pioduccd a deviation of 12° 25 to 


ii 
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Table XXXIX. 


insertion wlicn tbo rays of the Ar^fiind lamp are rcflrcti d hy 


-Blnck 

taflfeta 

White 

cloth 

Jlloclc 

clutli 

Willie 

0)1 

pmtit 

Blnck 

lac 

\ oUoiv 
Icntlior 

111 DM 11 

S{iiiiiiH]i 

kallu r 

White 

wool 

Ih it 
wool 

Itnl 

ciiinu 

l>ftr 

I’croxulo 

of 

coppei 

8 83 

8 58 

8 50 

8 37 

8 62 

9 00 

8 8.J 

8 87 

8 91 

H 7r> 

8 51) 

0 88 

0 70 

0 03 

6 62 

0 62 

6 75 

6 58 

6 (M 

6 91 

b 50 

b50 

5 39 

^ 6 04 

6D2 

6 25 

6 12 

725 

i) 92 

7 0b 

713 

5 50 

5 50 

23 00 

23 00 

22 00 

22 88 

22 88 

22 31 

23 M 

23 00 

33 00 

22 50 

22 50 

20 00 

10 13 

10 0b 

20 91 

20 88 

10*25 

19 11 

20 56 

20 63 

17 50 

1775 

10 50 

16 81 

J6 88 

17 12 

10 88 

15 88 

15 88 

17 88 

17 81 

11 UO 

M 00 




Also on inserting the othei dmthcimanoua bodies^ no (lifTeionooH 
\\’ere obseived Neither can the lays of the Argaud lamp, re- 
flected by white and black silk, light and black clotli, yellow 
leather and blown Spanish Icathci, white and red nool, mul cm- 
xiahai and peroxide of copper, be distinguished from cacJi other 
by means of any one of the above substances. 

The values obseived with the heat of the red-hot on 

the repetition of these expeiimenls, are arranged m the fallowing 
table — 


TAnniQ XL, 


Insertion ivhen tho hetit of tlio ; uUhot plutmunx is rcllcctcd hy 


Ulack 

tnlfela 

Wliite 

cloth 

Black 

Lleth 

White 

oil 

paint 

JHack 

lac 

\ Mlow 
IcJitlicr 

Ilrewu 
Simiihli 
katiK i 

White 
w oil] 

Ilctl 

weol 

Ul( 1 
cl mm 
hai 

Pcrotlilo 

of 

ioplicr 

8 60 

819 

836 

8 50 

8 50 

8 50 

8 5(1 

7 60 

7 58 

8 25 

H 33 

700 

6 75 

6 81 

6 81 

0 87 

7 .iH 

7 U 

0 60 

6 50 

b5t 

6 67 

& 00 

' 5 09 

6 68 

4*81 

4 75 

BOO 

6 (10 

'160 

158 

3 75 

;i 75 

17 87 

17371 

17*50 

17 63 

1775 

17 76 

17 87 

10 87 

16 75 

17 87 

17 7r# 

1350 

1150 

1150 

12 37 

12 25 

13 60 

13 25 

lino 

1150 

12 25 

12*25 

1050 

9b3 

9 75 

1025 

10 37 

10 no 

10 02 

1)87 

9 75 

10*25 

10 25 


12 ® 37. The same occurs with blue gluss^ tiluin, lock salt and 
gypsum. The other surfaces ariangcd In the table, in tbo case 
of each and the same paii, also rcfloct the heat of tbo icd-bot 
platinum in such a mnnnoi that it pei-incalcs the dlutlicunanous 
bodies in the same proportion. 

Under the influence of the rays ol iha Jlavie qf alcohol, ns 
shown by the following obsoi vnlions, this agreement also oh* 
tnins • — 

* rile nunibcia stpuinlcd by the Ihiekoi linos mo not ooni|)iuiiblD iilth oncJi 
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1 VBLD \LI 


11 k 


D fl 

» 1 ir 

D n t 
ft ti i 



D n 

ti f 

■t tl 

lU 

1 

S 1 t 

t 1 

dl t 

11 

t 

tl lytl 
« t 1 j 
ftl fl 
fill 

Sil 

1 t 

1 

Wl it 
tl 

111 k 
tl 

U Ht 

t tr K 



A deflection of 3 25 to 3 5 is now constantly obtained us 
often as the red glass is inserted, and of 9 5 to 10 ns often 
as the oalcaieous spar is intioduced the dnect deflection of 
13 , and subsequently of 30^ being pieviously pxoduced by 
eithei the unreflected heat of the cylindei, oi by lefloxion iiom 
any one of the sinfaces undei consideiation Ihc same was 
found to be the case with the othei dinthei manous bodies H he 
bodies subjected to investigation, uhich exhibited the same dc 








knodlattch on uadiant iii^at* 
TabIiB XLL 


insertion when tlie heat of thefiame is rcflcct( tl by 


aJsf ?s|Xh"“|-K Si'hs 3 l-ci X 


6 60 4 60 4 58 1 83 1 76 6 60 5 37 6 83 6 83 2 26 2 U 

16 25 li 76 U75 16 00 16 00 16 00 14 76 16 00 16 26 16 12 16 00 

0 38 9 00 0 00 9 60 9 60 8 60 8*C2 9 37 9 60 9 H7 0 8/ 

760 7 12 726 837 837| 760 760 760 760 787 7 87 

surface and the instrument. The same uniformity was observed 
in the theimoscopic indications with these sui faces, when tlio 
othei diathermanous bodies weie used. Ilow peifect it is in the 
case of the other pniis of leflccting substances also, is evident 
from the above table. 

It was not to be expected that any dillctcnccs would occur in 
the present instances, when exposed to the influence of the z? on 
cylinder at a dark red heat, with which even the greatest cliffci- 
ences peiceived m other sources of heat vanish {see p. 403 - 409 ). 
Obseivation has confirmed this * — 


Tad LB XLII. 


insertion wJien the heat of the hot mciutHc citlinda U reflected by 
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Although the tables given at p 101'- 109^ mIucIi exhibit the 
vauations m the heat leflccted vhcii difteicnt somces of heat 
aie used aie anthnictical mean’s of foiu icpctitions of the 
expeiiments, the lattci (p 110-111) aic dciived fioin iwo bcucb 
of obsenations only, u Inch appealed to be suflicitnl, because 
the object was meicly to male an accuiatc coinpiuibou of 
each pan of suifaccs, and, moico\ci, ihcic is less cause loi 
mistuist in cases of similaiity than whuc didciences aic con 
cerned 


In the following table, those bodies which diffuselj icflecl the 
rays of heat in such a mannci that when tiansmittcd tluoubb 
led ghas, blue glass, alum, locl salt, calcnicous spai and gjp 
sum, they aie undistingmshable fiom one anothci, uio aiiangcd 
in veitical senes In those undei 1 only aic no diffticnccs pci 
ceptible aftci icflcxion m this mannci on compauson with the 
unieflected heat — - 


Tvbil XLIII 


1 

2 

d 

4 


Gold 

Gypsum 

B idi woo 1 

■\\ Into salai 

Blue \elvct 

Silver 

Chall 

Coil 

Bla k satin 

Black velvet 

1 lat n \m 

W 1 to lead 

Mahogany 

^^hilc talleta 

Q cl silvpi 

I 0 

Tn 

Zinc 

Copper 

Lend 

Alloy of lead and 
tin 

Brass 

German Silver 
Sbeot iroi 

1 

hue ) 1 pa ut 

1 0 ccliu 1 

J men 

Whito j>apo 

Blue 1 npor 
White cotton 
wool 

Grey cotton 

Par s green 

G cei oint nbar 
Chrome yellow 
Black lac 

Yellow maihlc 

Black tadcia 



6 

, — 

7 

8 

0 

10 

Yellow leather 

B own Spaiiisli 
leather 

Light cloth 
Black oloth 

Blue woollen ■ 
tapestry 

Gieou woollen 
tapest y | 

W hltc wool 

Bed wool 

Chmahni 
Icioxldo of 
copper 


Those of the following substances, which an? auanged in one 
and the same column, exhibit veiy similai, although not identical 
deportment in this lespect — 
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11 

13 

\n 

H. 

lUmk vehii 
(limi oil dolli 1 

Carmme 

Waddci-icd 

>YOollcn ta- 
pestry 

Wluto v( Ivel 

White ^^ool♦ 

Gieoii woollen ta- 
pestry. 

While lead 
Dioshadi hhic 


1C 

Ul 

17 

Black paper. 

I'o&Hil coal 

litiuiii Ijlarli 

Black glass 

Coke. 

Giaphile 

Atiiinal vhm iml 


The following bodies cannot be lefeiTeil to eidior of these 
gi’oups as legaids the i*eflc\ion of lieat:— 


Tardb XIJV. 


^Itiainaniic 

PoroMtlo of tuj 

Taiumto of hon 

tndiaii jitk 

Palo red velvet 

Greon velvet 

Black SSnnniah Ian 
Uici 

Blown vulvclcon. 


Rod taffeta 

Gicon tiifteta, 

Daik icfl V(‘lvot. 

'Mother of-pcarl 

Ivory 

Black wnoil-clmi 


coal* 



Blown coal 


3. It was an important question, IToio the uUmUtons hi heal 
hy veflextori) proved in the above nianner to oeeiir^ eould he eii'~ 
plained. 

In regard to this point, two cases might oceur. 'I’hey eitluir 
consisted in a change of the wiya of lieat, which rendered I hem 
more capable of peimeating one or the other diulhermuHoiis sub- 
stance, or they were the consequence of a selective absorpiion of 
the reflecting surfaces for certain rays of heal tmnsmitted to 
thejn, as appeared the most probable view from tlio oxperunonls 
of Baden Powell and Mclloni. 

In the first case, the diircrcnccs in the roflecled heat should 
not occur until it was transmitted througli the dmlhermauous 
media } m the second, it must be rccogniicablo in i(, even bofovo 
Its entrance, from the intensity witli wliioh the diflbront rays of 
len would be loflcctcd by the diflerent surfaces, because the 
in ensi y o the reflected heat is the reciprocal expression of 
absorption of heat (sec p. 3^4). ; i , 

Experiment decided tins point as follows i — Wo have learned. ' 
that e. g, the heat reflected by carmine is trnnsmitlodi 
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tively bettei thiough led glass and calcaieous spai than that by 
cinnabar (p 390 and 391) Ihcicfoie if this niose fiom the cm 
mine abaoibmg a laiger poition of the lays, winch do not pass 
fieely thiough these bodies than cinnabai it musi^ on coinpaii 
son with the littei^ leflcct the heat of any souicc less ficcly the 
moie it emitted to it these lays winch aic badlj tiansniittccl by 
led glass and calcaieous spai It is nioicovoi 1 nown that the 
heat emitted by the cylindei at a daik icd heat peimeitca ictl 
glass and calcaieous spai less ficely than that of an Aigmad 
lamp (p 402 and 403) Hence cai minc^ m comparison w ilh cm 

nabai^ should leflect the he it of the cyhndei piopoitionately less 
fieely than that of the Aigand lamp, if this alteialion in the heat 
aftei leflexion w eie leally pioduced by selective absoj ption Ex 
penmeiit has confiimcd this, foi when the heat of the Aigand lamp 
w as 1 eflected by cinnabai, the suifacc being in a certain position a 
deviation of 29 75 in the needle of the multiphci was obtained, 
whilst the leflcxion by caiminc, when the leflccting suifacc Vs ns 
of the same size and in the same position as legauls the theimal 
pile and the soince of heat, pioduccd a deflection of 18^ t How 
evci w hen the heat of the metallic cyhndei leflcetcd by ( nnia 
bai had pioduced a similax deflection of 39 7S> when icflcctcd 
by carmine undei the same cncumstanccs, it deflected the needle 
only 14 37 Thus the mtensitj of the heat icflectcd by cai mine 
was leally diminished in the inannci expected 
The same was found in the othei cases We know that the 
heat 1 eflected by white papei is tiansmitted in a much gicatci 
degiee by led glass and calcaieous spat than that i eflected by 
black papei (seep 392-391) If this wcie a consequcnca of 
selective absoiption, white papoi also, m accoi dance with the 
above consideiation, should leflect the heat of the cyhndei at a 
dark led heat, which tiansmxts jnmcipally those lays whicli me 
hut slightly susceptible of tiansmission, thiough icd glass and 
calcaieous spar corapaiatively less fieely in compauson with 
black papei than that of the Aigand lamp 

Howevei with black papei the oontiaiy ought to occui In 
comparison with white papei it should reflect the heat of the 
Aigand lamp less peifectly than that of the cyhndei Ihis was 
found to be the case The heat of the Aigand Kmp, i eflected by 
white papei, caused the needle of the galvanometci to deviate to 
21 25, whilst that leflected by black papei, under the same cn 
cumstances, deflected it to 18 but the heat of the metallic 
cylinder, which, when leflected by while paper, caused a dcvja 
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tion of 24^ 25, when leflected by black pnpei pioduccd n deflec- 
tion of 34'^ 5 Hence the piopoi tion as ically nn ei se 

When the lays of heat icflectul by two suilaccs could not be 
tlzstinguished fiom each othei, ns l q those idlccled by white 
'lud black satin^ which passed tluough the duithciinnuous incdta 
usedm the samemannci (see p 3Q1 to 302, 110 to 113}, if this 
depended upon both iibsoibing the inys of heal sent to them 
in the same piopoition, the relation of the intensities with uluoli 
they 1 cflect the heat should lemain unchanged vindei the influence 
of ladntion fiom any somcc 

This wis also shown by e^peiimcnt to oceiu most dialinctly 
Thus the heat of the Aigand lump, u hen leflccted by lute satm, 
produced a deflection of 31"^, aftei icflc’s:ioa liom black satiu> 
of 27 ® 5 , and that of the cylinder at a daik red heat, in the 
foimei case a deviation of 27 ° m the latter of 23^ 5 tlencei 
v\hite satin leflected each kind of ladmnt heat bcttci in iho same 
degiee than bhek satin 

Yellow Icathei and blown Spanish Icathci, which alsoacfloctocl 
heat in such a mannci that it was tiansmittcd by diathoimanous 
bodies m the same piopoition (see p 395, 411 to 413), icilectod 
both the heat of the Aigand lamp and that of the heated cylmdci 
iMth the same intensity Undoi the influence of the inys of the 
foimci, a deflection of 28"^ 37 to 28^ 5 was obtained in the case 
of each of these suif ices, and a deviation of 18° 7^ with the* lays 
of the metallic cyhndei 

lo ensme still gieatei ceitainty m those expeumonts, in ad- 
dition to the heat of the Aigand I imp and of the mclulhc cylui- 
der^ I caused also that of led hot platinum and the flame of 
alcohol to be leflected fiom all those of the sm luces which hnvo 
been pieviously mentioned, wlucli I had of tho same st/c (8 
centim squaie) 

The e\pciinient consisted simply in exposing ilicso siirfncoa 
with then 1101 mal at an inclination of 32° to that of iho longitu- 
dinal axis of the theimoscopc, and then ceniic at a di^tunec of 
7 inches from the lattci and L 0 fiom the sonieo of heat, latxnv 
to the above foui somccs of heat, and nhsoiving tho deflections 
which the heat leflected by them pioduccd in ilie tlKimo rrnfl** 
tipliei The nuilihcis obtained in this maunei (each ilic mith- 
metical moan of two obsei vations)'^ aic contniucd in the iollowiiig 
tables — 

• Acciuato to tuHuii 1® u 

2 P 
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Tabli. XLV 


I 



}) (Icrll 1 1 y 

g fl t 

— ^ 

— 


1 

p 90 1101 

\V1 l 1 1 

( il 

1 M 1 1 r 1 

A ^aiid lamp 

1 1 17 

IHTO 

iii 

lU 00 

Kcd 1 ot platinum 

1 lamo of ftl oliol 

Met ill c cyl lulei at a ilail icd lie at 

! 1 0(1 
>0 0(1 1 

10 l> 

11 J 

11 17 

10 17 
n 0 

U 00 


1 vjiLr \I VI 


II 




0 i 

I II 1y 

c ( 

p 92 1 91 

S fit 

1 — 

AU t 

0 

in 1 

1 

W 1 If 
( It i 

H ii ir 1 

A gni (1 lamp 

31 OU 

^7 0 

^7ro 

J700 

Rcllotilati 1 

11 n 

] 1 >r 

1 1 00 

1! 17 

lln c f nl ol ol 

]«h7 

17 17 

10 1 

1 4n 

Metall c c)l 

1 lu at a (lail icd heal 


1 JfiO 

00 

I I7fi 


IVBBI XLVII 


III 


II n It Illy 


C p 

P 391 1393 

s n t 

A\Ht 

lai 

It] 
t 1 

]JI 1 

1 1 

11 1 

11 

1 I J 

0 c 

11 1 
tjofO 

Aigand lamp 

2125 

19 10 

18 00 

20 50 

10 0 

Red 1 ot platinum 

U75 

11 u 

13 87 

8 12 

7H7 

Flame of alcohol 

lUU 

13(3 

18U 

10 n 

10 (U 

Metallic cylindei at a dailc jeil heal 

21 2r 

33 2f 

81 ro 
» 

1125 

U12 


lABI E XLVIII 


IV 

S fl t 

Daitoclio ly 

c 1 

1 if9l 

«y| u 

M 111 

1 1 

I 11 
fl 

Will 

II } i t 

V gan 1 la 

P 

2r’ro 

3oiur 

^12^ 


Red 1 ot 1 lat inn i 

12 12 

1100 

Ji« 

n 12 87 

1125 

Flame f alcohol 1 

1150 

lB7fl 

17 50 

UOO 

Meifllhc o>l 

i Icr at a dnik led heat 

20^5 

80 7f> 

09 50 

27 87 
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direct nuluition when the licnt i» rodectcil by 


Rul cinnnbni* 

pares giCLii 

Qrcon 

cimiabar 

Cliromt 

ycllusv 

Dicnlmcl) 

btiic 

liltianwntie, 

SOTiT” 1 

20 50 

21 76 

22 /it) 

wm 1 

kdo 

17 50 1 

11 50 ! 

1.0 12 

n 12 

otu 

1.1 13 

2G 7S 

10 62 

18 25 

10 12 

Ifi'/l? 

10 13 

20 76 1 

« 1 

10 87 

2012 

IS 76 

iGi)7 

18 ro 


Taulk XLVI. 


djrecfc i-ndiatjon ^vhen, the Iioat is rc/Jccteii by 
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T VBIiTJ XLI\ 


V 

C mp 

1 SjO \3Q7 

s n t 





DeOc t n 1 y 

p 11 

1 

n 

1 t 

f 

» 

A il It 

1 

III k 
tl 

HI 1 
i fr i 

HI k 

1 t 

VI 

1 300 

Aigancl lamp 

rro 

10 75 

21 >r 

2 00 

di ?r> 

21 00 

Red 1 ot platinum 

idi 

0 17 

1175 

12 17 

10 25 

102 

yiamo of alcol ol 

15 >5 

11 ro 

U J7 

loro 

n 00 

1187 

Metallic cylinder at n daik icd heat 

27 50 

18 00 

21 75 

20 00 

H n \ 

i 

2175 


1 vni r L 


VII 

c p e 

p 108 I39D 

s n t 

Dclloellon 1 y 

lli 1 01} 1 

Oo k 

M 1 ogany 

CJ U 

VIII 

1 108 1390 

Arirai d lam 

ID 

^100 

di(d 

28 0 


R n ot platinum 

12 02 

1105 

12 12 

52 00 

name of alcohol 

If 02 

l«0d 

IJ 02 

n 1 00 

Metall c cyl i dor at a dark led heal 

21 12 

‘>iioa 

10 50 

72 75 


1 VBI B LI 


C mp 

p 40 d 03 

8 n float 

1) fic tton hy 




R 1 
latr t 

U 

1 X 

p 110 dtn 

Argn d lamp 

2>50| 

20 00 
* 

22 60 

23 75 

1« 50 

Red hot platinum 

10 50 

M 60 

Sf! 

16 ro 

1137 

1075 

name of alcohol 

12 37 

11 2r 

1107 

13 75 

10 00 

Metallic cyl n ler at dark rcdncBB 

27 25 

« 

2760 

2150 

1C 7r 


+ rinis among all the bodies aubjccted to o\ftmiimtton lamp iki/e nnti fiiihiifd 
la eoa^(rnbl \LiIX ) lofl ct oveiy kind ol iftdinnt hint in tlio Iciiat dogioo 
nn 1 exit! ting th bo oke giaphite and loiil only exhibit n coinparativcly 
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TAHi-n XLIX. 


tltrcet radintion when tlio lie tit is reflected liy 


Ilitick 

pnix-r 

1 

Blnclc 

cIoUl 

111 nek 
Sim 1 
Tiiaii 
led 
ther. 

mntli 
gins 5 

Sheet 

irutu 

niAck 

\v«i>d- 

dfcur 

i-val 

Jhown 

(.uni 

Indian 

ink 

I mini 
Ijliitk ^ 

i 

1 

Aitliuid 

ilmr 

con) 

Coni 

Cuko 

Ora 

liiiitn 

21 00 

22 00 

20 00 

18-76 

30 00 

10 00 

loco 

0 OO 

2KU 

vm 

7 80 

510 

7 ui 


5ff 




SH 

* 


W 

At 




13 3; 

1037 

14‘00 

11 76 

18 7^) 

10 00 

0(50 

dOO 

150 

b75 

2 50 

2-75 

2 21 






SH 

si. 


1 1* 

At 




18 12 

12 87 

lore 

1126 

27 CO 

12150 

10 50 

4 5t) 

1 2 00 

m 

4‘25 

3 00 

101 

+ 

sif 




t 

•K 


« 

ft 

1 



83 ^>0 

21 75 

28 26 

20 26 

i7 7r> 

10 fiO 

13 00 

1050 

> 3 50 

350 

760 

0 00 

7-0; 

St* 

At 




At 

Sf* 


sb 






TabijB L. 

direct rndinlion when tUo lietvt la rcflcclc-d l>y 


SllvCFg 



Drown 

■velveteen 

WhOo 

cottun 

Oicon 
oit cloth 

Jllack 

\cuat 

63 25 

42 60 

66 00 

21 00 

25 75 

21 00 

22 87 

60 76 

32 00 

13 25 

H50 

a 12 

1 1 (1(1 

1012 

60 00 

81 60 

42 50 

1125 

15 oo 

1 1 (10 

1150 

72 60 

50 00 

07 26 

Id 12 

15 00 

1() 00 

17 00 


Tabbis LI. 

direct mdlatlon when the hent is reflected by 


JUock 

voivet 

Dlnck 

paper 

White 

wool 

Wood 

Green ' 
oil.. 
cUiOii 

Silver 

Sheet 

ir«n» 

White 

ult 

pniiit i 

Jitnclc 

lac 

Ked 
tlnna , 
bnr« 

PoTOXido 

of 

copper 



1812 

26 12 

1075 


JO 50 

2175 

J8 78 


22-50 

32 87 


1187 



6100 


12 25 

1125 

21'37 

10 50 

13 37 

13 87 

At 


15 26 

1176 . 

50'5a 

23 60 


14 37 

22-12 

14 37 

22 60 

30 87 

He 

17 02* 



72-6(1 


20‘80 

2150 

37-00 

27 50 

1 


feeble (lifUiBioiij ^vhich is also appnionily nidopctulDiil of Uio nnluio of iho flom oo 
of heat j eonseqiioutly tlioso only can bo considoicd " black bodiua” ah rogurds 
lutninifeiroua and calbrific rays 
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When these lesults aie compaiul with thoHC Mhith \\(ie ol) 
tamed on the ti-insroission of the heat tliiluscly leflci toil liy tlit 
aboie bodies thiough dinthcininnous sitbstiuu cs, it iijijk ni S“~- 
1 Tint -i siufnce Mhich leflccts heat in such i man nil tlial il 
18 tiansmittcd by led glass, blue glass, nluin, loil sail, calcu 
leous spai and gypsum in agiealci dcgicc thiiu that iilUtlcil 
by any othei, m oompaiison with the Inttex, icllccts tin, hull ot 
the Aigand lamp beat, that ot led hot jilatmiun neat, tliat of Ihe 
flame of alcohol m a less dcgiee, and that ot tin hcali d cvbmlti 
least of all, which also involves the icveisc [nopoHiUou, that a 
i eflectingsui face, which in com pai 18011 With any otbu ibmumlu# 
the tiansmisaion of the heat by the abovi boilus, i tiled a Ihe lays 
of the Aigand lamp in corapaintively the least dioiei, lliatol 
led hot platinum bettei, that ot the flami of alcohol with still 
gieatci intensity, and tint ot the dail cjlindei comimuitnelv 
bestK 


(Compaie white and bind velvet, ]» 391 and 419, black 
wood oliaicoal and blown coal, p 397 and 121, eniinmc and 
black papei, p 401 and 105, and p 4’0 and 121 ) 

2 Ihata substance by which heat is so itllcelcd that it is 
transmitted by some diatliemanous media bcttci oi in the same 
mannei, by othcis leas ficclv than that icllcclid by iiny olbti' 
suiface, in compamon with the lattoi, somelmics leflccls Iho 
rays of the one, and sometimes ot the olhci soiuce ol heat com 
paiatively the best 


(Compaie icd and green taffeta, pp 392, tlS and 119, aspluilU 
lac and black taffeta p 396 and 120, gyiisum unci pci ovule of 
copper, pp 402, 103 and 420) 

3 But that two suifaces wliicb lollctl the heat so that it per 
meates the diatheiimnous plates in tlic same mantici, also coti 

stmtly leflecttheiays of the diftcientsouiccs ot hull with tlio 

sai^ 1 elation to the intensities as 1ms been found m eitlici ot tliein 
(Compaie white and black satin, p 192 and 118, yellow 
leatherand blown Spanish Itathei, p 895 and 119, silva and 
sheet non, p 410 and 121 ) 

Now when we lecollect that thiough lul glass, blue glass, 
calcaieous spai and gypsum th^ heat ol the Ai 
gand lamp passes best, that of red hot pkitmim loss ficcly, that 
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Of the flame of alcohol in a still less degiee, and that of the dai k 
cylinder woist, we find, with icf'tud to the above considurntioiis 
Cp. 416 and 41 7)^ that all theses pluenomonii eoiifiim the ))OHition, 
’ ^yiat the ciumges eooperienced h\j heat on dij^^usa 7 e/to^rton are 
^erehj the 7 ^suli of a selective ahsoi^ption of the rrjhctuuj sur- 
faces for cei'iain. lays of heat ii ansviiitrd to llicnv 

The gieat unifoimity existing in the ivsuUa liavc been 

<le tailed will ceitainly contribute to esiabliah the view which I 
eiicleavouied to found at the coinmmccnicntj^ viz, that these re- 
sults leally depend upon dilfusdy reflected hcai^ uninterferod 
With in any peiceptiblo mannci by foicigu influences, (t’ouiiuiro 

p. 385-3870 

In the last investigation^ tlie complementary selective absorji- 
tion was determined to exist fiom the unequal intensity of tho 
t'eflcxion of the heat. That it might Imve been equally well 
proved by the suifaces exposed to the sources of heat becoming 
heated, is evident fiom the observations on carmmo and black 
papei, the foimei of which, as sliown by a previous expciimcnt 
(p. 206), becomes less heated when exposed to the rays of tho 
A-rgand lamp than those of the daik cylinder, and Hie latter less 
by the heat of the cylindci than the lays of the flame j whilst 
the later expel iments (p. 420 and 421) slio\v that carmine rcflcclotl 
the heat of the flame with gi cater intensity than that of tlic 
cylinder, whilst black paper icflcctcd the lays of the hitter in a 
greater degree than those of the lamp. 

The reason wliy in this case the expeuments l)y means of 
reflexion weie pi ef cried to those by absorption ol heut, was, tliut 
they \Yerc not only more quickly perfonnod, but, as seen nil 
comparison of the indications, p, 206, and pp, 420 42],anbrilcd 
a more delicate test-method than tho latter, 

It might bo concluded, even liom the plucuoineuii of ubsorp- 
tiorx (p, 206 and 207), that the difusUm of heal is tndepmchnt qf' 
the temperature of its source. The ducot investigation of tlio 
latter has confiimed this, and thus removed all doubt on ttio point, 

♦ 37iom whnt has boen sUilod, it fa clom llmt wo can of l!io <lc|ueo hi 
winch ttboclyabsoibsccitauiiay’ioi heal, Aoni tho clonmhuont of the hnit (hi- 
fuaely leflected by it undoi ceitniii t uouiiuitanccm. It la well known f, 

A7i7\€iU delie SmnzQ^Ulieyno Lombaulo^VQmfOi 18il8, Um H Fein , 
and. Mellom, Cowi/jwj t vi p 8U1) that ox^hihciI to tlio uiyu ul 

tlie sun melts moio lapidly on tieca and binlioa than on u imilmin amhiou. 

If euiy plulosopliei should comptuo flioBO inya of tho buu lolloctcd hy tinow 
with tlio duect lavs, lio would hnd Iho funuoi luiUHinittod ooninnuttlvely boUor 
by red glass, blue glass, alum, colcaioouB aparnml gypauin tlian tnoao uiUofleotod, 
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It hnamoieovu shown most convincingly, lhaii csucepUiff} duo 
coal and metals it cannot he said that any body tefleils hini 
bettei 01 looise than any othei) because tins i elation vniica with 
each kind of lachation 

Ihe diffoienccs m diffusely icflcctcd heat whifili hftvc been 
alluded to aic pcifcctly analogous to those nhich uic obscived 
in the diffusely leflectod lumtnifuous lays, but Iloischcl niul 
Mcllom have aheady pointed out that theujlevion of Ihtsi ham 
nifei ous 1 ays ts not analoifcnis to that of the culoi i/ic ? tajs 

Ihe investigations which havi been detailed have slioun tins 
still mole distinctly, by piovnig that ceitain bodies, wliicli ajj 
peai of the same coloui to the eye, icficct diffoiciit kinds ol heat , 
and such as aic appaiently of diffcicnt coloui s, so fai ns cxpcii 
ment has yet shonii, icflcct similui lays of heat (Sec csiiccmliy 
labIe\LIII) 

It scaicely icqunes to be mentioned, that this icsult la not dcci 
sive of the identity of luminifcious and ciiloiiflo laya , toi suite 
it has been deleimined that tveiy luminijdous soiiicc of liciit 
emits a lai ge nuinbei of invisible i ays lohich ai e smujttible oft e 
flexion andaffeot the thcmialpilc^, the inostiigid aiuilogy, * t 
the assumption that every lay which, aftci pcuctiafing the optic 
media, excites the retina of oui eye to pioducc vision, in jnopoi 
tion to its strength acts upon a theinioscopc coated m itli lamp 
black, Would not lead us to expect any agiecmont in the diflbfic 
leflexion of the luininiftious and cnloiific lays, foi this would bo 
to suppose that we w Cl eexpcumenting with a souicc which emit 
ted only one kind of luminifcious and one kind ol caloiific lays 

I shall allude to one moio point only in 1 elation to this question 

The diffeient coloui a undoi which diffusely icfloctmg sui faces 
appeal to oui eyes, have usually hecn explanicd by the nssiimp 
bont, that ceitain colouis only aib leflcctcd hy them the othme 
being absoibed Since the diffeienccs which bent exhibits aftci 
leflexion by any body have been shown cxjioiimcntally to be the 
consequence of a similar selective absoiption (see ]> 416-423), 
the above assumption acquires the highest dcgiee of pi obnhxlity, 
considenng the great analogy which the lummifeions and calorific 


tke Aic'aurimn/tlVul',™'' f co'toui lays of Jionl fiom 

'vluclf nio l1.aw(eio 

note, cannot 
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I'ays present in so many respects, imd especially in thcii tlcpoit- 
ment after diffuse icflcxion itself. 

Melloin-i has expicssed the view, that yellow rays appear the 
'most intense to us bccmisc the retina of the eye is yellow. Now 
if this yellowness, supposing that it does occur in a living, healthy 
03 *^ 0 , which is denied by most Geiinnn physiologists, does not 
mise flora a pecuhai excitation of the retina, by means of which 
it emits yellow rays, but, in correspondence with the pici ions con- 
sidei ation, merely m consequence of its rellccting them, should 
it even then he aaauinod that'oiir letiiia receives a special cner- 
getic impression from yellow inys? Certainly not; for the 
oxpeiimcnts on the absorption of heat have taught us that a 
body IS least affected by those lays which its surface reflects, 
(See particularly p. 421.) 

VI, On the Sources of Heat, 

In the previous section it was shown that rays of heat under- 
going diffuse reflexion by different bodies do not experience any 
peculiar change, but merely selective absorption, by means of 
which certain lays aio checked, otheisieflectcd unchanged, (See 
li. 415-422,) 

Hence it follows, that when e g» the rays of an Argand lamp 
reflected by carmine exhibit a different deportment (on trans- 
mission through diathermnnous substances) to those reflected by 
black papev (see p,402-404, and40C, 407), this can onlyaiise fiom 
these souices of heat containing diffcicnt rays, some of wliich 
ai’c leflcctiblc by carmine, others by hlach pnpci. Tlio gieatei 
the difiei cnees aic which occur after rcfloxiou by various bodies, 
ao much the more heterogeneous must the mimhci of lays be 
which are emitted by the oiiginal source of heal. 

Now if we find that the dilfeienccs which the heat of tlie red- 
fiat platinum exhibits after leflcxion from a certain number of 
different bodies (on tiansmiasion thiough diathermanous media) 
are all less than the hent of the Argand lamp reflected by the 
same surfaces examined 111 the same way evinces (see p. 403-405), 
\vc must conclude that the red-hot platinum emits lays of heat 
which arc less heterogeneous than the latter, 

Moicover, if'^wo rcmaidc that the differences m the rays of 
heat of llio/«me ofalcoholt when icflcctcd by various bodies (ns 
they appear on using the same diathermanous bodies), are all 
* li. Sccliec-k albo adopts tins viow. 
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less th^n those obseivccl \^iLh letl hot platuxum (see ]) 10 L and 
105) it IS evident that a still less numbci of diffcu nt lays ol lu at 
emanate fiom the flame of alcohol than fiom luaUd plalimun 
Lastly when we sec how the heat of the cylmdu htali d to 21 2^ 1 
fails to exhibit the slightest difteicnces horn wlmtevei amfaee il 
may be letiected (see p lOfl-- 109), which m the insiuuccs pie 
viously conaideied pioduccd vtiy consuleiable alleialious, wo 
must admit that the metallic cyhndci at the above tempeiutuic 
emits a sin^^le kind ol i idiant he at only 

ihus if the somOcs ol heat useit ni the piOMOUS invcstif,ation 
be compared in lespect to this point, Ihc inuidy of the }aijs of 
heat emiUcil is giuUest with the Aigand /ts9 with ltd hot 
platinum^ sitll less whin the flame of alcohol is imd^ and has en 
tiuhj disappeaied with the cyhndci heated to 212^ 1 
Iheic 18 a means of tcstin^ this lu a difleient inmuH i 
Ihus if a numbei of heteio^emous lays ol heat, as c (f mo 
emitted by an Aij^md oi a Locatclh^s lamp, be made nu ideut 
upon diffcicnt dmtheimauous bodua, diileieull inds ol ia}s jmss 
thiou^h them accoiding to the natiuc of the subBtnucLS I heio 
foie these, accoiding as they appeal in the one oi the otlici of 
them, pcimeate a second diatheun mous plato m a dilUient 
mannei 

'Ihe diffeicnccs thus found will ovi(Untlj bo so much gicatei 
the moie vaiicd the ongnul soutce of heat is But il only one 
kmdofiays of heat weic allowed to entci those substaueea, so 
that only one could pass thiough them, on a second tiansmiHsiun 
they would not yield any ditfeicnccs liom wliatcvci dialheima 
nous bodies the heat issued 

Now if it IS found that the heat lachating fiom a cyhndei 
heated below 231^r constantly pcimcatcs led glass, bine glass, 
alum, lock salt, calcaieous spai and gypsum in tlu same inannei 
whethei it issues immediately fiom the soui ce ol h< at, oi wlictliei 
it has pieviously passed thiough ivoi}, post papei, a tUui layei ol 
carmine, he black glass, white glass, oi any othci chathcunnnoua 
substance (see table XVIIT ), this is a new pioof that one 1 incl 
of rays of heat only is emitted by the cylinder’^ 

♦ As in the picvions expcrimonta tho lioat tbaiisoly leneolod by vanoua 
bodies exhibited ddFeiencea wh a the toini cintiiro excoctlotl (aeo tho 

note p 40/) in thn inst mco also on smpnssum this limit difloicncea woio 
appaicnt 

For whilst the heat own ttetl below 231^ 1 on liner ting tho red glasa con 
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If the 1 esult pi evioualyobtuincd (p 233 and 2 34), which showed 
tlint the heat ladmled fiom the most diflleient solid bodies be- 
tween. 88^ is be simultaneously borne m 

Aund, it IS evident that loithin these iem2)eYatures the lays of heat 
Gmitied by them all — ^to make use of an expiession which icminds 
of Mellonfs teiminology— aie of one and the same colour 
have thus advanced to a ceitaui limit, at which cveiy 
valuation of the rays of heat vanishes, a limit whicli is not at- 
tained until long after the diflPcicnccs m the luminous rays have 
become invisible* 

It appeared to me of interest to aaceitain, IIow the heleiogc- 
neity xn the lays of heat emitted by one and the same body ts 
^iff'ected by its tempeiatme^ 

In investigating this, I had the two means just described at 
my command, %* e* the heat of the heated body, in those stages in 
Avhicli I wished to asceitain its compound natuic, might either be 
reflected diffusely by different suifaccs, oi be transmitted through 
chlferent bodies, bcfoie passing tluough ccitam diathcrmanous 
substances. In both cases, as we have seen, differences occur, 
which appeal to be greater and moic vaued the moie diflcient 
the kinds of i ays aie which emanate from the source of heat. 

I piefeiied the fiist piocess, because it was possible to pi e- 
voiit, by means of cold uatei, the distuibing influence icsulting 
from the leflectnig siufaces themselves becoming heated (see 
p* 385-387) I whilst m the second case the body hist radiated 
thiough could not be picvciitcd fioin becoming heated, and its 
influence upon the experiment could only be ehmiuaicd at the 
expense of the intensity of Ihc effects. 

As lu the foimci experiments (p. 201 and 202), to decide the 
present question,! also heated a spnal of platinum over the chim- 
ney of a Beizehus^s lamp, fiist at a icmpcruiiue below 234^ 1^'., 
then at a led, yellow and white heat. 

The heat of platinum l)eloio 234® P,, in concsponclcncc with 

fltnntly caused a leceas of tho iiccdlu fioai 35® to 10° 1, whoa iinineilinloly 
tsaiisiuiUctl to tho theimul pilt lioai iho lacUillio cylimlci, oi aftu having poi- 
nicatec! post papei oi while glass (Tablo XV III ), at n mtnm Inghei ti’inpc- 
rikUiic^ aftgi the same ilnocl deflection of 35°, on iriHeUmg llio icd glass U pro- 
ducod a. deflection of 10° 75 when eiiiiinaUng immcihatoly fioin tlio cylinder, 
of 11° 75 affcei having ponneated tho papm, anil of U°‘75 when it Jmd passed 
through the u hi to glass 

Tlie same occunod with tho oihei (HaihonnaiioUB bodies. It might ho inm'- 
giiiod that this variation in tho boat cuullcd at highoi tomponiUnos was do- 
pe n don t ux)on tho alteration of the capacity foi boat with the nicicnso of tem- 
po i at uro. 
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the expenments on the healed cylindei, always passes thioiigh 
the diatheimanous substances used foi testing it, whcUici unic 
fleeted 01 diffusely leflected by the most dissimilai bodies Tima 
in all these cases, on mseiting the led ^^lass a deflection of 
8 08 to 8^ 25 was obtained, on msciting the calcaieoiis spai, of 


1 ABLE LII 


ThI k 

M 

m t ca 

S b t t 1 

1) fl tl 

I'Vt ‘ 

11 n u 

i\r 1 1 
ft t 1 


16 

Had glass 

20 

8 08 

8 08 

14 

Blue glass 


768 

7 75 

1 1 

\1 


7 08 

7 00 

i 1 

Rock salt 

20 

U08 

11 08 

37 

Cal cai eons spar 


62 

6 12 

14 

Gjps im 


7 26 

7 08 


When the heat of 7 eel hot platinim is leflectcd by the same 
bodies, as we know, \eiy distinct diffei cnees occm on trails 
mission Thus e g the unicflected heat on tiansmission tluougli 
led glass pioduces a deflection of 10 42 , that i eflected by black 
papei of 9 58, that i effected by caimine of 12 33 , and that 
portion of the unicflected heat which is tiansmitted by calcaicoua 


Tvbll LIII 


Th kn as 
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D ft ti 
ly ll t 

1 tl 

X> fta tlon 

mQtr 

Sub tfl t d 

Rf t 1 
fl t a 

Qypa m 

15 

Red glass 

20 

10 43 

11 25 

1 i 

Blue glass 


0 17 

9 76 

1 4 

Vhm i 


8 08 

817 

14 

Rock salt 

20 

10 02 

10 83 

37 

C Icar 0U5 apar 


8 67 

10 25 

1 X 

Gypsum 


7 68 

8 75 


After these results there can be no doubt that the heat emitted 
by red hot platinum is more heterogeneous than that evolved by 
this metal at a daik heat 

When the heat of platinum at a yellow heat is diffusely i c 
fleeted by the above suifaces, these differences become still 
greater Thus, whilst the unreflected heat wlirch pel meates the 
red glass deflects the needle 8 83, that reflected by black paper 
causes it to deviate 42 , that emitted by caimme, tq 10^ 58 , 
and the unrellected heat, when tiansmitted by calcaxeous spar. 
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5^ 17 to 5® i2, ^vlieii tlic diiect luliation upon the pile had de- 
flected the needle 20® 

The follo^Mng table contains the values^ each the aiithmotic 
/neau of thiec expciiments, obscived in the diathcimanous bodies 
mentioned, as also ni othcis — 


Tabt l LII 


fiftcr tho itisertion wlicn the licat otplaitmtm lnhu 23 1 I reflected by 


Carmme 

1 oio^ide 
of copper 

Keel 

laflcta 

Bla 1c 
velvet 

Black 
] apor 

B hito 

W07l 

W ood 

f iron 
oil cloth 

8 08 

8 2'i 

8 08 

8 17 

817 

817 

8 08 

8 08 

7 1)8 

7 13 

758 

7 68 

7 68 

767 

7 67 

708 

700 

708 

700 

717 

7 08 

717 

717 

7)7 

W 00 

no2 

1108 ; 

li08 

1117 

U08 

13 92 

1103 

CI7 

5 w 

6 25 

6 25 

6 33 

r>i2 

6 42 

S 13 

7 08 

7 12 

7 26 1 

7 26 

726 

7 11 

733 

733 


spai causes the needle to deviate B®(57^ that poition leflected 
by black papci, 7"^ SB , and that reflected by caimme, II® 12, the 
deflection by diiect ladiation as befoie amounting to 20® 

The follo^Mng table contains the obscivationa 'uhich ueie 
instituted on this point, in addition to those abeacly mentioned 
(each the arithmetic mean of thiee expeiimcnts) — 


Table LIII 

after tlio mscrtion ^\hcn tho heat of red hotplntimm la leflcclcd by 


Ca mine 

Pcro\Ulo 
of copi cr 

Red 

taflcta 

Rla k 
vcUit 

mark 
pap i 

WI do 
voul 

Wood 

C rcon 

0 1 cloth 

12 33 

1160 

1142 

10 60 

0 6b 

10 81 

10 76 

10 75 

10 08 

9 83 

9 88 

9 00 

8 U 

0 11 

D 17 

0 08 

8 76 

8 08 

811 

8 17 

7 13 

8 58 

813 

8 17 

1725 

10 07 

16 83 

10 00 

15 76 

16 76 

1(> 92 

111 (10 

11 12 

10 26 

0 03 

9 H 

781 

10 U 

10 08 

0,11 

0 33 

833 

8 33 

7 83 

(i92 

8 76 

8 58 

7 83 


* 

produces a deflection of 6® 08 , that leflcctcd by black papci, of 
5® 17 j that by caimme, of 0® 7'> j the dnect ladiation upon 
the thoimal pile causing a deviation of 20® in the needle ol the 
gaHanometu 

* iho bent lellcctcdby leil bot plniimim lias been pmumnly (p 10 luiul in')) 
oxaminecl, ho^voYcr^Jl appcnicd to mo leqimito to leptnt the cxpeniniatB m 
tbi8 occasion, so as to be enabled to annex thorn with cciUiinty to tlio 

othois wbicli belong bmt Iboiolntion ol the mnnbtn to oadi otliui found 
*wn8 ol com BO the samo as be 1 010 , tiUliongb dien ubsolnle values wcio dithicnt 
horn tbo found, wbi<b cannot siupuso \\% as they wcie ob'iuvtd almost a 
wliolo year eubacquoritly 
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Moreovc), the itiys of heat icflectccl by cdiiun Siufuc(Sj aa 
e by gypsum and pcioxide of coppci^ which wuc picviously 
undistinguisl able, now appealed hcieiogcntous 
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G J3 


Since it lesults fiom tlicso expcuinents that the dilkiencea 
appaient undei such cucumstances not obsened in single, 
and but slightly decisive instances, but aic almost always gicatei 
and moie vaued than those in the case ol the icd hoi plaimum 
(compaie p 128 and 129), the conclusion aiipiais instihcd, that 
the heat emitted by plaimum at a ycllou heal is moic lictcioge 
neous than that evolved hy icd hot platinum 

Although, as has becnfiequcntly mentioned, wo cannot always 
conclude fiom a gicat dilleicnce ot tuo delUelions when ob 
seived between louoi dcgiccs than those with which they are 
compaied that theie la a gieatei diflcicncc m the efleeis of the 
heat, still m the ca es just alluded to (? e on compaung the ob 
semtions Table LI 1 1 and 1 able LIV) this was allowed, be 
cause this dissimilauty of the tlicimoacojiK nuheatJLons does 
tiot occui until 1 ceitain point but the deflections of the needle 
of the multiphei, within the limits to which the obseivutions 
extend might be considcicd as piopoitional to tho thcimal 
influences 

When the heat of plahmm^ part of winch is at a tohtlc heal^ 
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The subjoined table contains the mnnbeis which were found 
in the individual instances (anthinclxcal means of tliiec obseiva- 
tions) . 


Tabdb LIV. 


ftfter tlio inBcrtlou when tlio licnt oUphtlxmim ai « xnlUm Junt Is reflortecl hy 


Cai msno 

Pcrotido 
of copper 

iip(l 

taHctn 

aiacb 

\ civet 

niadt 
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WIiUp 
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IVooil 

tiULU 
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8;w 
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8 00 
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0 58 
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9 75 
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8 8G 

0 58 

6 17 

' 9 08 
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0 75 

7 42 

5 75 

G17 

5 17 

100 

0 07 

5 75 
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IS reflected by the same bodies as that at a daik red and yellow 
hoatj on tiansmission thiough the diuthei manous substances it 
presents still gieatei diiforcnccs than the heat of platinum at a 
yellow heat, Thus^ m the previous instances^ tlie needle receded 
liom 20*^ to ll‘^*25 on the insertion of the icd glass, when theso 
lays \^cic imieflectcd, fiom 20° to 10°’25 when they weie ic- 
fleeted by black paper, and to 14°*l7 Mhcn diffusely icflected 
by carmine, and on inseiting the calcaieous spar, the needle of 
the gnlvanometei deviates fiom 20° to 9° 42 Mhou the unre- 
fleeted lays act upon the thcimal pile, fiom 20° to 7°‘5 when 
they aie leflccted by black papci, and to 13°*67 when by car- 
mine. 

The lays of heat icflectcd by black velvet and giccn oil-clotli, 
winch exhibited as little ddleicncc ivhen cmuniitnig iiom plati- 
num at a icd as irom that at a yellow heat, wcic now loadily 
distinguishable fiom each other. In Iho following table the de- 
tails of these obseivations (again the autlimetical means of evciy 
three expeiiments) aie contained; — • 


TahIiE LV. 


nftCT tbo Insertion when Iho heat of pltUlnum partly ul a wftita hrni la rcllcclcd l)y 


Cnrmliio 

Pcroxitle 
of copj)rr 

Hcil 

tutreta 

Jllatk 

viUU 

aiiuit 
pupi r 

White 

wiinl 

Woml 

Urt nil 
nil <lntli 

14 17 

12 W 

L 18 00 

10 07 

10 20 

12 50 

12 25 

1 1 .i» 

12 17 

1133 

10 83 

9 12 

1)88 

1088 

10 58 

10 00 

9 83 

9 42 

9 38 

8 92 

7‘83 

9 88 

9 17 

HIM 

18 25 

17'8rl 

17 07 

15 76 

15 50 

10 88 

17 88 

11) OH 

18 07 

n 17 


0 07 




fllli 

10 50 

9 08 

■111 

8 58 
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Hence it is evident that the diffoiences ’\\lnch the lays of hca 
CA olved by the platiinim paitly at a white heat exhibit aftei chf 
fuseieflexionontiansmission thiough diatheimanous meclia^ ai< 
all gieatoi than those which aie found vindei similai ciiciim 
stances with platinum at a yellow heat It must consequenth 
be admitted that a still laigei numbei of hetciogeneoua i lys o 
heat emanates fiom the foimei than fioin the lattci 

Thus the lesult of this entiie investigation is^ Ihai the kca 
emitted by 'ted hoi platinum is mote hete) oyeneous than tkcit ema 
nating fiom ilm metal at a dark heat that /torn it at n ycUou 
heat mote so than that when led hot and that fiom w?iHe ho 
platinum mote so than that which is emitted undei any olhe 
cii cumstances 

Consequently the complexity of the heat emitted by any body 
as might be expected^ appeals gieatu at highei thin at lowe 
degiees of tempeiatme 

But it neither mo eases in one and the same body constanlh 
with the tempo aluiCy as is evident^ ^ by its icmaiuing uu 
changed until its tempeiatme exceeds ^34 1 , not with diffaen 
sowces ofheaty when numeious otbci cn cumstances coopciatc 
IS %t always gi eatesi with that which 2 '>osscsscs the highest Um 
peraiui e 

Thus led hot platinum e g emits moic heteiogeneous lay 
than the flame of alcoliol , neveitlieless it must be admitted tha 
the tempeiatme of the foimei is louei than that of the lattei 
which 18 capable of laising the platinum wuc to eithei a yello^ 
oi white heat The expeiiments which have hithei lo been mad 
show thatj the diffo ences in the natm eofa sow r e of heat have no 
the slightest possible relation to its radiating jwwei IIowcvoi^ th 
senes which the souiceswhenaiianged accoidingto the coinpouni 
nature of then lays of heat foim (see 426, and pp 430^ 431] 
IS exactlj the same as that which they would form if iiiaugednc 
cording to the varied natuie of the luminous i ays m Inch they emit 
for we must e g considei the luminous lays alsoof anAigand lam 
as more heteiogeneous than those of led hot platinum, bccaus 
all bodies u Inch leflert diffusely, when exposed to their influence 
appear to the of moie vaiied colouis, and the luminous lay 
of red hot platinum as moie heteiogeneous ftan those of th 
flame of alcohol, because, when loflectcd by diffeiently colome 
bodies, they appear to the eye as fax moxe varied than the lattci 
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The same might be said of the luminous lays of platiiuun at a 
white, yellow and lecl heat. 


In the picvious details I have i)urposcly avoided all thcoictical 
remains on the natuio of the phicnomcna of heat, &o as not to 
view the facta, which aic the only permanent paits ol science, 
fiom the perishable basis of a hypothesis* I shall not even now 
entei upon speculations of this kind, which can only lead to the 
desired object when combined with a fundamental mathematical 
treatment Perhaps the ohscrvations contained in these essays 
may conliibute to ebtablish gi cater unity of punciple in the 
thcoiy of heal, m which gieatei discicpiincy of thcoietical vicns 
has pi evaded than in any othci bianch of physics* 

I shall thcicforc conclude this memoir by briefly summing up 
the puncipal results which have been obtained fiom the experi- 
ments detailed* 

1* There are two new means of deciding u ith cci tainty whether 
any body tiansmits lays of heat or not* (See pp* 232, 236, 2370 

2. The transmission of ladiaiit heat by djathennanous bodies 
has no dudet i elation to the tempciatuic of its somcc, but 
depends solely upon the pioperties of the dialhcimanous sub- 
stances, winch aio permeated by cciUm rays of heat in a gi cater 
degree than by olheis, whether these are of a low or high tem- 
peialuie. (Sec p. 2030 

3. The absoiption of ladiant Iictit by a body, wlicu the lays 
permeating it are of the same uniform intensity, is pcifcctly in- 
dependent of the tcmpeiature of its source, and is alone occa* 
aioncd by the iiatuic of the alisorbing body, whioh is more sus- 
ceptible of some lays than of others. (P. 206 and 207 ) 

4. A body becomes heated, wdllnii ceitain limits, in piopoiiion 
* to its thicKness, and m a degree which is gi cater the less it is 

dmthermaiious to the rays tiausmitted to it. (P. 209-213 ) 

5. Absoiption and emission of heat coiicspond to each other 
so far only as they aie functions of one and the same body; 
and the nature of the rays of heat has no influence on it. 
(P. 216 and 217) 

6. The positioil advanced by Mclloni is confirmed, vi?5. that 
scraiclung the suifaee of a body influences its power of radiating 
heat merely so fur as it modifies it^ density and hardness^ and', 

von, V. PAHT XIX. 2 Q ^ , 
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cl iimishes oi incicase^ it accoulmg as it loosens oi condenses 
the paits conccincd (P 216 ) 

7 The ladiating poMU o{ a body is iiuh pendent of Iho iiatiuc 
of the lays of heat by the absoiption of winch it bocomca healed 
(P 221) 

8 The heat ladmted by the most hcCeiogtneous bodies, of 
imequil thickness and the sui faces of which aie of the most dis 
simihi natuie, has been shown, by the means at picscnb at oui 
command^ to be homogeneous and simpUj in wluitcvci inimiiei 
it may be excited in them within the limits of the expel imcnta 
hithuto made, i e beUVeen 88^ and 234^ F (Pp 2 3 3, 2 31, 
427) 

9 The diffusion which heat expcncnccs on lough sin fnoc s has 
no connexion with the tcmpciaUuo of its aouicc (P 12 1 ) 

10 llidiant heat is alteicd in vciy diftdcnt ways by tUfluso 
leflexion, by some bodies to a gicat extent, bj otheis it is unaf- 
fected In one and the same substance tliesi modilieaUons aio 
independent of the condition of its sin face (P 4(}() ) 

11 The changes pioduoed in heat by difluso leflcMoii luo 
occasioned both bj the natiuo of the somets of heal and iho 
pi Opel ties of the leflecting bodies (P 4 OH ) 

12 They aie ineicly the consecpiencc of a sclcctue alisoi jition 
of the leflectmg bodies foi coitain lajs of heat tiansinittcd to 
them 

IS Diffuse icflexion of the caloufic lays is not analogous to 
the leflexiou of luminous lays (P 12 1 ) 

14 The heteiogencity of the lajs of heat emitted by one nncl 
the same body is gieatcr at lughci than at lovvci lompci atuics, 
but does not constantly inciease with the tcmpeiatuie, and has 
no peiceptible relation to the ladmfing powei (P 432 ) 

15 The seiics which ceitam souices foim, when aunngcd 
acGoiding to the amount of diffeiencc in ihcu lays of heat, is the 
same as timt which they exhibit w hen they aic aiiunged accoiclmg 
to the heteiogeneous natuie of the luminous lays which fhey 
emit (See p 132 ) 


Aimci^B XI. 


0)1 ike Spectra of Traunhofer fo} med by Graii7iySi and on ike 
Analysis of llm7 Light By O. F. AIo&sotti, Piqfessor of 
^^aihemahcs in Pisa, 

[Fioni n s&pnintc Mcmou, entitled Sidle Ptopuelti deifU ^ipeltn (h Fiaxinhofii 
/Q}7nait (iai Reticoh ed ylnalm della Lute die sommtmti ano^ Pisn, 1845 ] 

Tuts memoir consists of two paits. The flist, whicli may bo 
icgarded as the intioductionj contains the notice of the mathe- 
matical analysis of the solai spectrum^ as read in lliq Fhysico- 
mathematical Section of the fifth assembly of Italian natural 
philosopheis held at Lucca, The second pait developcs tlic 
calculus instituted m continuation fox the piiipose of more accu- 
lately deducing from Fiaunhofcr’s expenments those results 
Inch were merely announced at the commencement of the in^ 
vc&tigation. 


Paiit I — Inthoduc noN. 

1. Tliose philosopheis who have examined tlie solar spectuiin 
With the view of ascci taming the extent of the colouis it con- 
tains^ the intensity of the light at vuiious parts, and t)ie length 
of the coiiespondmg fits or undulations, have geneuiUy made 
vise of the spectrum foimcd by lefi action. But the figuie of the 
apcctium obtained by icfraction is deformed The moic le- 
fractive pads are elongated, the less lefi active shmtencdj and 
it IS difficult to ascertain the piopeities of the oompoueiif pints 
of a natuial lay of light m this manner, 

Newton, who first endeavoured to express the length of llio 
portions belonging to the seven distinguishable coloms of the 
spectrum, obseived an analogy between the lengths of these por^ 
tiona and the differences in the numbers given by the values of 
the tones m an octave of the minor mode. Thm iiiiulogy hovMwer 
is pviiely accidental; the icspcchvc lengths of the diffoienl 
colomcd plaits of tiie Bpectriim formed by reftaetion vaiy aoooi- 
cling to the naline of the body which is made use of. From 
tho very supposition that the apecira foimod by dillercnt sub^ 
stmicea are simllui to each other, Newton drew the crroncoufi 

2 Q 2 



436 MOSSOiTi o^r m vuNiioriwE^s uxjiicut vh sprciiiA. 

conclusion, tint achiomatism in dioptuc telescopes impos 
sible, which has been long since dispio\ed by expeuence 

rolloning tins analogy, Newton pieparecl a chiomatic cuclc, 
winch Mas intended to lepiesont the irnngc ol the spccLuim, mde 
pendent of the elongation oi conti action which the lefi action pio 
duces m the diffeicnt paits of the prismatic spectuim ibis, 
by means of the colouis piodiiced by tlic admix tin c oi supci 
position ot the seicial component colovus, yields vciy noaily 
accuiate lesults, but is consii acted upon a hypothetical foimda 
tion 

1 astly Newton made use of this suinc analogy foi the toima 
tion of a law concerning the places xxliich the dilfcicnt colouis 
occupy in the pnsmatic spcctiiim and the length of the cone 
spondmg fits Ihis law leads to aicmnikablo ichtion Mlnchwas 
fiist di^coveicd by Blanc vu that the length of the ht of any 
coloincd lay is piopoitioiial to tint powci of the exponents ol 
whuh aie obtained alien ^icl of the aic at the exticmitv of 
which the same coloiii should be placed in Ncuton s cluom liic 
CiicU, IS divided by the cnLiic ciicumfeicnce ol the cuclo But 
the values obtained foi the length of the fits oi undulations ol 
the diffeicnt paits of the spcctuim accoiding to tins piopoition, 
are found toaaids its cxtitmitics to difiei considciably fiom the 
tiutht 

2 Abetter method of ascci taming the composition of natiual 
light and the ulation which exists tfi vacuo oi in tbc an between 
the length of the undulations of the lays of winch it is com 
posed and the positions of those lays in the spcctuim, consists 
in the use of spectiu obtained by menns of a giatmj , and winch 
wcrcfiiBt obscivcd by liaunhofbi In these spcctm tbc only 
clement contubulm to then foimation is the Icngtli of the waves 
of the diffeicnt lays composing the niilmal light tho jihtcno 
menon appeal s in them in its gieatest simplicity, witlioutthc 
alteiations which the tianamiasiou of the lajs thiough a lefiac 
tivc medium pioduccs Hem c in the icticuhu spectumi (oi that 
formed by gratings) wc have a noimal spectiiun, to wlncli the 
vauable spectia pioduccd m othci viaya may be lefeucd 

* &CO Biot 1 rkis rkmetif tie Phjs Vxp edit \ vol ii p 4Sd 

+ Nolwlthstambtig tins cutical leamilc il is. a^itoiuslnng tlmt Now ton in Itio 
first analysis of tlio spcctuim knew how to coniUino ilio diff lent obmciits cou 
tubuting to Its foimation by simple niul elegant ftUboitgli only appioxlmalivo 
lows beo t ic note nt tho conclusion 
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Following out this idea^ I Imvc deduced fiom Fraunhofer’s 
cxticmely accurate obsci vations the length of the diffcicnt paita 
of thq ichculai spectium coriesponding to the inlexvals ot the 
seven piincijial daik lines pointed out by Fiauuhofoi. Those 
lines yield so many definite points, to which the dilleient paits 
of the spcetium may be lefciiedj they aie therefore denoted by 
the letteis B, C, D, K, F, G, II, and denominated the piincipal 
lines. Fig. 1, Plate IL lepicsents a spectium of this kind. If 
this be compaied with fig. 2, rcpiesenting anothei spcctiiim 
W’hich Fiaimhotcr ohlainecl by infraction by means of his fiiiiU 
glass prism No. 13’^, it wnll be seen how gicat the dilfricncc is 
in the extent of the difFeient pai ts, and how very considerably the 
vefi active spectrum is deformed. The intci v<ils between the pi in- 
cipul lines in the lelicular spectium aie respectively expicsscd 
by the numbeis — 

lie CD m EP EG. Gil, 

31 06 61 41 64 35 

and in the spectium pioduced by refraction— 

13 35 46 40 79 71 

3. The leticulai spectium is characteuzed by a peculiar pro- 
pel ty. In the spectium foimed by lefiaction, which being 
laigei and biightci allows of more easy observation, Fraunhofer 
has cletci mined the intensity of the light in those paita winch 
are neaiest to the piincipal lines, Tlie oidmates of the cmvc, 
fig 2, Plate II., represents the intensity of light of the subjacent 
points of the spectium The dotted line /a between D and F is 
diawn so as to divide the spectium into two parts, the quantities 
of light in the diffeient parts in which foim two equal sums, oi 
so that it halves the whole light of the spectium. If m the 
retiGulai spectium a hue jtt be diawn between D and E so as 
to indicate the place which coiieaponds to the lay ft, it divides 
the total length of the spectium into two equal paits. Tins 
simplicity of the distiibution of the quantity of light in the reti- 
cular spectium IS a distinctive character of a nounal spectrum. 

In the pusmatic spectium the maximum of the intensity of 
the light, which couesponds to the maximum-ordmate of the 
curve, falls at m,^at about /^j-ths of the interval DE leckoned 
from D to E, and is therafoic situated beyond the line p. tow aids 
the less lefractive end of the spectrum. If ive consider that 

* Denlschiffen iVJcad der Uissemcliafini xitMimchetif 1833 
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touaids tins side the poition^ of the pusimt c spectium con 
st^ntly con ti act moie and moie, it is not didicult to compic 
bend tint the imvimum of light whicli in the noimd sjiec 
tium occuis at the line ju,, in the pusmatic s])cctuim is ni()\cd 
to\\aida the side D, \^henevci the oidinates oi the cmvis of in 
ten^nty follow a Hw of diminution inoic sla^^ly than that accoi 
ding to \^hich the lefi action condenses the luminous lays on 
tint Bide III fact^ it is found tint the m tensity of tin lighl in 
the noimal spectium is at its mn\imum in the cenUe, and dmu 
mshes symmetiicully on both sides so that the lu\\ of its alU ui 
tion is lepicsuited by the cui ve ovei fig 1, m Inch is symmcti leal 
aiound the line jw- and has its axis in tins lino 

1 Thevciy impoitant pioblcm tieatod of bj Newton, \i/ 
to establish a i elation betneen the length of the his oi nndubi 
tions and the coi icsponding coloms is at once solved bj the 
foimalion of the icticiilai spectium In tact in hatevci inanncx 
this spectium is pioduecd tlic diflcicnt pails of tin leticuhu 
spectium incieasc ncnil> in piopoiiion to lh< Icn^^lhs o( the 
^^aves m the coil (sponding lays Ifne irnaj^mc ihi Icn^tli of 
the leticulai spectium to be anbdnickd, hi ( th< (iKumfciciHc 
of a ciicle, into 3GO puts and denote them by 2 or ^^( flail 
fiom the dita fiunished by obseivation that the UngUi o( the 
waves of the lay vhuh conesponds to the i Munuly of the 
aic <p leckqncd fiom the cenhe of the spcctiiuu, is given by 

553 6 + 1815 ^ (1 ) 

In this foimula the aic oi cliblimcc mvist be consukicil iiu 
positive toiiaids the lod, and iiogativc toviaids Ur violet ( ml ot 
the spectium, and the unit of length in Mr mi asm e ol llio 
lengths of the waves is the millionth pnit of ii milliniclic 
The foimuh lesulting fiom the lelation discotuid by IIIiur 
based upon Newton’s hypotliosis, is * 

L 

V=5116(i) 

However, towaids the e\titmities of the Rpoctiiuu itgucs lulms 
which diffei consideiably fiom the length of *Ir wmos 

If in Ur foimuh (1 ), ^ibe fust made = ~ mul then di « w. 
we have ^ * 

A_^=: 86J, 738 



MOasoTii ON ruAUNiiorcuN urTicur au j cira 439 

These values coiiespond to the Molet aiul icd extiemitics of the 
fipcctmm 5 and as the second value is twice as ^^icat as the fiist, 
it IS evident that the length of the w ives of *he exlicme icd iny 
amounts to twice that of the cxtiemc \iolet^ when these c\ti ernes 
aic obsei vecl (as was done by Fiaunhofci) by m( ans of a leleBcope, 
and if VG atop at that point whcic the colouis aic still peifcctly 

distinguishable 

If. m the same fonnula (I ), we make — 0^ we hue 

? G in the ceniie of the apechum the length of the waves 
niTiounts to 553 5 iniUionlhs of a milhmctic Now wc have 
lemaiked that the centie conesponds to the maximum ol the 
intensity of the light, supposing then iliat in cvciy pail o( the 
specUum thcie exists an etpud nutnbei of lays^ we should say 
iliat those, the waves of which have a length of 55 3 5 mil 
liouths of a millinielic, aie most active in exciting in us tlie 
])eicoption of light, and that this capability of piochicmg tlic phy 
siological effects of vision, both when the length of the waves 
iiuieibcs ns well as diminishes, becomes lessened, and finally 
almost X auishes, when the waves have incieascd oi diminished 
by one tlmd of the length couespondmg to the maximum 
cllect 

5 Inom the sunjdieity of these icsults, we conclude Iheicfoic 
that, to nsccituin the distiibution mid natuie of llu lays coin 
posing soUu light, it IS of inipoi tance to make use of a spectuun 
foimcd by means of a giuting, as this alone is noimal In this 
Bpectium the light is symmctucally disUibuUd liom its eentie, 
and the i elution between the length ol the waxes of the lays and 
the distances fiom the cciitic in whieh tluu coiusponchng 
oolouis appeal in the spcctimn, ig bj a simple law dnrctly 
given by cxpcnmeni 

Tlio piopeities of the iclicuhn spoctia above detailed, and 
file conclusion xxhicli I have deduced fiom them, — that they 
yield new nuineiical dalafoi optical (pustions, — appealed to me 
sufficiently impoifcant to bo communieaUd to tins honoiuable and 
leaincd assembly 

Pahi II — Anajysis 

TUg second pait contains the mathematical piooPa ol the de 
duction 'innounced in the fiistpait 
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§ I Value of the Befi active Index of 1 1 Jiunhofci s Pi ism iVo 13^ 
in l\nction of the Length of the If 

1 When 1 minliofei obsenecl the solai < 5 pcctinm foimcd by a 
flint glass piistn the angle of lefi action of \\n8 26 2 30^^^ 

thiough the telescope of a theodolite tlic piism being m the posi 
tion of the mminium delation of the spectiuirij he found lliat the 
pimcipal line D was lefnctcd to the angle of 17 27 ^ find 
when he raeasuied the angles between the line D and the othci 
inincipal lines E, C, L 1 (r II (hg 2 Plate II )> he obtained 

BD CD DI D1 OC- DU 

12^20^2 — 9M''2 22^23^9 12^ 17 " 8 , 

Tiom a senes of obsoi^ations upon the solat apeclium foimcd 
by a giating and mciely obsei\cd with the aid of the telescope 
of a theodolite riauuhofci also deduced the following mean 
'salucs foi the length of the w lies of tlic conii^iions to 

these piincip^l lines e\pics ccl in millionths of a nuilunctic — 

B C D 1 1 C 11 

r>hS GdG W) 5^6 dyl 4^9 iJl 1 

Tudgino fiom these values, a giating in which the sum of a 
dml and light intei val would amount to about 0 0S8 nnlhni 
(which was the mean of tho c used bj riaiiiihofci)^ would pic 
sent a spectium in winch the aiiguhn distances between tho 
line D and the othcis B, C hy II mcasxned at the iocus 

of the telescope ol the theodolite, would be cxpicsscd bv 

BD DC DC 1)1 J>n 1)11 

-4^ 15" -2^ 5 2^ 13" ^1" , 7M , 30" 

In tins spectium, fig 1, Phte II winch wc shall call thc^iO) 
mat the intenals between the piincipal lines vaiy in piopoition 
to the lespcctive lengths of the waves of the contiguous lays and 
if it be complied with the foicgoing piismattc spoctunn, il is 
seen tint m the httex the intenals BD, DC, &c , compaud w illi 
those of the foi mei dimmish in extent, whilst the intenals DL, 
Dr &c towaids the violet end, compaiatn oly me lease in cx 
tent 1 lus diffei ence in extent depends upon the c oi i csponding 
1 ays the w aves of w Inch ai e slioi tci , being i ef i acted in an \x\\c\ sc 
latio which 18 gicatei than the simple latio, in winch the lengths 
of the waves diminish ♦ 

ribert 8 //«««/« h P/n/st/ 1817 J^huicletici 7:>c3it sc/m/ku fin W i-- 

] ol D 

f J)eu/ clu/l n d t j\l( uhuia had muf 16 >) 
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In the commiuucation A^hicli I miide to the third Scientific 
Association which was held at Floienco, I have given the foi- 
mula which expi esses the refiacUvc index in function of the 
icngllis of the waves. If tins loimuLi be extended, by cauying 
out the appioximation to the foiuth power of Ihe lengths of the 
v‘avcs> it may be leprescntcd by the following function. — 


V 


= i 4 - h 



. . . oo 


In tins formula V signifies ihe velocity of the piopagaUon oi 
tbc light in the icfi acting medium, taken as unity in vacuo or in 

the air; Y thcicfoic coricspouds to the index of refraction} Aq 

indicates in the aii tlie length of the waves of u single ray of ii 
given coloiu, and A the same for a ray of any colour; A, 4 nic 
three constant coefficients, dependent upon the nature of tho 
mcchum, and wdilch may be experimentally determined for every 
lefracling substance. 

8. To cany outthis determination in tho present instance, we 
Blinll have lecoursc to a known (oimula, winch Finimhofoi also 
made use of, If = 26®24^S(y^ denote the icfiacting angle of 
the pi ism» \I/ := 1 7 ° 21^ 8'^ the angle of i ofi action of the i ay of the 
colour situated at the line D, and the angiihu (hstance in the 
spcctium between the line D and the hue which uins through 
the colour coi responding to the length X, w’o have 

* L s=: J “h iv) 

V Sin ,] <() 

If this value oi Uic index of icfiaction be made equal to Ihe one 
above, we obtain the equation 


am }j {fp h \1/ 4 a) 


sin I ^ 




'^nie value of the first member may be calculated for each of 
the principal bands by means of the magnitudca previously 
given , thus if, m the second member, w^e substitute for Aq and A 
the coiiespondmg values of the length of the waves wdnch have 
been already givtn, w^e obtain an equal number bf equations, 
from wduch tlie ^fnlucs of the constants i, A, 4 may be deduced, 
applying, if thought nccessaiy, ihe method of least squares^ 

To effect this delorminntion more conveniently, the above 
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equation need only be subjected to a in Ic tiansfoimation 
Fust, since uhen in it \\ e ni ikc A = Aq i must be = 0, we have 

?inJ +-^ * h A t- /f (3 ) 

sin 4 <P 

Ifnow?b eliminated by menu a of this cvpicssion, and twice 
the pioduct of the cosine ot half the sum into the sine of half 
the clifFuence be substituted foi the difTuencc of the sines, we 
obtain 




t = A H 



In u&ing tins foi mula foi clctei mining the two constants h and A 
ne must substitute the icspcctive values o£ i, foi tlie lays situ 
steel upon the six lines B, G Dj L, I , G 

DB no i)r Wl U( DtT 

-12' 20" 2 — 0'i"2 11''5U"0 22' 2l"') I2'l7"b 01' 5" 8, 


ind coiicspondmQlyj 

^= 688 656 526 481 128 39 i, 

Ao being = 589 

On cauying out the calculation^ wc get the six ((inatums, 

0 027'’91 = A h 1 7309 / 

0 027650 = A + 1 8001 A 
0027519 = A d 2 2 39 A 
0 027191 = A d 2 4809 A 
0 028527 = A I 2 8850 A 
0 028903 = A I 3 2163/, 
whence by the mctliod of least squai cs, 

A = 0 025^55 A = 0 000975 , 

and w e then obtain from the equation ( 5 ) 

» = 1 608^06 

With these numeiical values the icfi active index of flint 
glass, of winch the pusm used by 1 launbofti in Ins cxptnmciils 
was composed, is expicssedin function of the length of waves i« 
vacuo foi the diffeient coloiucd lays, by 

i = 1 608506 d- 0 02555 j 0 OClt)97j 

lo deteimine to what degiee of accuracy tins foi mula would 
lepiesent the obseivatioiis I calculaUd by means of the cqua 
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the values of X in the six spaces between the puncipal 
nnes of the spectrum, and obtained, 

lln DC J)Vj m T)G DII 

, —12^ -8^ 57^' 2, If 56"'0; 22hlb"8, 42^33^^‘G, 60^43»*h 

o compaiison of these values shows a sufficient agieemcnt 
tl^osc mentioned above and given by observation 

§ II. Qfi iJiQ ^esj)ectwe Tntansities of Light in different pmU of 
the Prismatic and Reticular Sped) urn, 

4- A.S the prismatic apectium is laigci and of blighter and 
^lore distinct colouis, l^iaunhofcr was enabled to mcasuie the 
111 tensity of its light near the puncipal bands, uhen approximated 
to and compared uith the light of a lamp placed at vauous 
dislunccst The icsults of his obseivations aie contained in the 
folloxi ing table: — • 


3Muinlici 
of the ob 
BO rvatiowB 

lulciiaity of light At 

R 

r 

D 

Dctwcon 

1) 

1 

r 

(j 

IT 

I 

0 010 

0 018 

OOl 

1 00 

0 u 

0 081 

0010 

0 0011 

11 

OUll 

0 U0(l 

0 V) 

1 00 

0 38 

0 110 

0 020 

0 0072 

III 

U fWrf 

0 ir>o 

0 72 

100 

001 

0 m 

0 053 

0 0000 

IV 

0 020 

0 081 

0()2 

100 

0 to 

OlOU 

0 032 

0 0050 

Menu 

0 032' 

OO*)!' 

001 

100 

1 

0 108* 

0 031 ' 

0 005G 


''Fhe raa\imum of light assumed as unity falls between D and 
E. I?iom the natiiie of the maximum itself, it was difficult to 
detex mine acciuately the spot u hcie it falls. Fiaunhofer places it 
between one foiiUh and one-thiul of the mteival D15 fiom D to K. 

Tlic ouhnates of the curve above the figine of the spectium, 
fig* 2^ Plate II ,iepiosent the mean observed intensities of light 
nt tixe points of the spcctium situated beneath, conesponding to 
the same abscissae. Fiom the inspection of this cui ve, w e see that 
the intensities of the light become compaiativcly furthei extended 
towavds the icd than towauls the violet end, v\hich may depend 
xipon the index of icfroction of the shoiter undulations varying 
more xapidly than m the inverse piopoition of then length, and 
Ihe 1 ays thus ro^pectivcly being moie condensed at the led end 
and more diffused at the violet end. The propoi tion m w^hich the 
don&ity of the rays in the vauous paits of the piismatic spec- 
ti am allois, compaied uith that in which they aic distributed in 
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m 

tlic coi lesponding pnits of the spcctiiuii^ is piopoiiioiiul to the 

diftnential coefficients so that when & sif^nihcs the iiiUn 

sity of the light at the point ^ in tho pi ismatic six eh um, I must 
coiiespond to the point A in the icticuliu fc>pL( Uiuu 

r=«^r„ (1) 


in Mhich w 13 a constant coefficient 

Ihe value of the diftciential cocflieieiit lonnd lioin (he 

it A 

equation (1 ) which when chfliicntiatcd yields 


d ^ 
(l\ 


£ 

^0 




('ioVl Slll^ip 

\; / J sin ^ (<?> I 4' I "t)’ 


whence 

(, 

Hill i (4> I Ip I 0 

If the above mean aalues be substiluftd loi (r, and (he diiln 
m the picceding pniiginph foi Aq A, a, 4> obluin tho lol- 

loMing values of foi the positions of the piiiKijxil hues — 

BCD r 1 in 
9054 30H51, 291J75, 31»7H7» 145911 19110, 9J7I 

Ihcsc numbeis give the latios of the intensilus of the light 
of the icticulai spoctium at the points moutioiud 


_45 Ml 


§ III On ihe Cm vc formed by the Inlaivitj of llu f u/hl in i/tc 
vai tons pa) ia of ihe llcfic «/«> '^jicch um 

6 Since the intensities of the light of diHiicnt pails of the 
spectium aie lecogniaed by means of the eye, they mnal dipeiul 
both upon the amount of lajs icciimiilatcd at one puil, and upon 
the susceptibility of the ictina loi (hcpcculuu species ol Ihoao 
rays 1 he law ef the vaimbility of tine mleiisit j , hemg dependent 
upon both physical and physiological elements, is loo (oniphcaied 
to allow of its being deduced « pi ton m the pu soul stale of om 
1 iiowlcdge IIoMevci, as we have aheady cleteiiumed tlio ))io 
poihons of the intensities of the light in llic vaiwus pails ol the 
leticulai spectium, we may sock apoaiatoii foi a fmmulu wlm h 
connects them by a law ol continuity with ciuh otliei, and thus 
lendcis their piopeitiea moie intelligible 
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Tn constructing n formula to repicsent the observed inten- 
sities with a small number of constants, it is impoitanlto pio- 
ceed to the investigation by direct expoiiments, which yield the 
’'given values for interpolation. The inspection of the values of 

previously given, shows that they diminish fiom the cen- 

tie towards the exticmities m a manner which tends to point 
lo tlie existence of a similai law of deciease on both sides, In 
Oi’der theretove to vepiesent the intensities of the light in the 
reticular apcctuim, I shall lalce the ordinates ot a symmetucal 
curve, and select as the axis of the curve the line which jjasses 
through that point where the length of the waves A^is == 

I have adopted the following formula : — 

1 

n . - • ^ (6.) 

1 

m which, to render the mcmbeis homogeneous, I ba\c made 



• • («•) 

and have assumed the maximum value of r, z, e, that uhich cor- 
leuponds to the axis of the cuivc, to be taken as unity. 

That ilua foimula may lepresent the intensity of the icUculai 
spcctium, it must satisfy the two following conditions • — 

J^irst, If l)y means of it the maximum mtcnsily of light in 
the prismatic spectrum be calculated, this must fall at the nilei- 
Yul DE, about one-fouith or one thud of it fiom Y> towaids E, 
Secondly* The calculated intensities of light conespoiuhng 
to the places at the hues 11, C, E, E, F, G and II in the spec- 
tiinm, must agiec vciy closely with those observed, the values ol 
which we have given in No, 4, 

6. To ascertain whether the loimula (G,) possesses the above 
jiropcrty, I may previously remark, that the values of the la- 
tonaity O must gcneially be deduced from those of P by means 
of the equation given above — 


T: 




(■i.) 


To satisfy tlic first condition, I difibrcntiatc tins equation, and 
in tlic differential equation make = 0, so that the value of 
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\^hioh it veiifces m'ly belong to the mnKimiun of O I thus 
obtain 

dr i f 
-P— = n -r—s tj 
d\ 

and fiom this eliminating nO by means of the picuons cqua 
tion, 

d^% 

(i\ da. 

lu 


and consideiing that the equation (8 ) gives 


r = 


dr 

dx 


dx 

d>^ 


ix ^d^ a ^ 


1 


1 d\ dx (1 

on substituting % instcid of r ^\c have 

d^i 

dx 


x) 


2^ 


The values of and ^ ^ ^ 
d> d X^ d X 


lo bo substituted ui tins 


equation, must be obtained by diflcientiation fiom the cquiitions 
(6 ) and (5 ), u hich gives 



1 + lX ^ ^ 




12 X^(3-‘’ x iX^)f ^ 
'' 1 
{l + lX^)\c~x 


dx 

dx 


(Pa _ 
dX^'^ 



Mi{^y >■ 


l-4> ht) 


doj 
d X 


and \Mth these values the pievioiis equation takes the follouing 
fmm — 


_ 3 

,_lxi^3x) , i2x*^(3^~;c + V)6 « 

_A / ~ZI\^ 

l+4X*^ a: x) 

in \ihich for bic\ity ne have substilutcd II foi the quantity 


^3? 


1 Xfi 


4 3^ TT Aq 


im+x) 
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^'hiGll second pait of tlic cxpicssiou ol ih ('otilnun'd 

betweeu pnrenthcscs. 

' If* we l^ad elinimatodx ftoin Ihf Intlcr cquiilion iind ((>.)> 
instead of* z tincl A’ substituted its vnliu’H (7 ) iind ( 15 .) m fniic'titiii 
of A.J tlio jcsnlting equation would no! involvo any unknown 
quantity but A, and would bo capublo of giving Iho vidiio ol 
ibis magnitude foi tbal place iit which llio inlonsity of l!i(' bglit 
of the px’isniatic spcctium must bo at its niaviniuni. Wo hIiuU 
denote value by V 

'I'he oliinimitioii and solution lioic spoken of would be iiii- 
pmcticahlc if itworcicquiu'd to bo oaniodoul (oils fullest on Lent. 
We may hoMOVci remark, tluit the nia\niunii of (1 ninst lie voiy 
near to tltnt ofr, and I hat the values of i' when iietirUte imiMinum 
m gcnci’ai vniy but little, and still less m oni peculiar iiiHliim’o, on 
account of the foim of the equation adopted. As the value ol x 
in the fen mula (6.) must be ralliei small, and the exponential 

— 5_ 

e Aj becomes a veiy small magmtude wliieli may bo m'glccted, 
the equations ((3.) and (10 ) may he ledneed to tlie form 

= tX “X’ -I X* 

tV n {i - -ix I- iJx' I hx'}' 

TPov iHc puiposr of fioiving Ibchc two cqiuilioa«^ I liavo cal*- 
ciliated ft table of five Icrmb^ which given the valucN nf 

TI by mrauB of the aBsumod vuliiea of and llu>«^a 

of IV Inch arc very near those of Then, anfauning u vatno 

foi" X wliich ia very neni the luUh, I caleulalcd fiom the (Irnt of 
the t^^ o oquntions^ that of then that of;?, from which I next 
deduced 


With till a value of X, by entering in the tabic niontionod above 
I have deduced that of 


ibf :i 


and by incnns of the second equation obtafticd u second 
If til 13 value of coincided with that already 


the first equation, I concluded that the assumod vftlu^ 


.a' 
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the tiue one Bj this method I obtained foi the innvimum of 
the intensity of the li^ht, 

X = 0 02355 , log 2 '* =5 7 84"5a , A — ^/^=1(>96, 
whence, V tieing = 553 5, we have 

X = 570 5 

By the foimula {1 ) v = 3' 4" = 181" coiicsponds to this value 
of A so that as the inteivil DJii = 11' jO" = 710", and conae 
quently ^ DC = 177" 5, ^DL = 236" 7 , we sec that the place 
found foi tlu maximum of the intensity of the lij,ht in the 
piismatic spectium falls at one fomth oi one thud of the mtcival 
DL as leqiuied by expeiiment 

7 X having the value obtained by the foi miila (8 ), w c baa c 
r = 0 978 

If m the equation (1 ) we mal e G = ] it sliould be vcuhed 
by this value of r whence 



and if the calculation be earned out, wc find 
l0o«=^- 128391 

This value of » is necessaiy, m oidu to jiass fiom the \ahic 
of Tin the ease of the icticiilai spcctuun to that of G, coiic 
spending to the pnamatic spectium if wc imhcnti as unity the 
maximum of the intensitv of the light in each sptclium'f 

8 lo asceitain whethoi the assumed foimula (( ) also ful 
fills the second condition j c icpicscnts the intensify of the 
light at diffeicnt points of the piisinatic spectium ncai the 
pi incipal lines wc have fiist to deduce fiom the same foimula 
the values ofi^ which coiicspond to the lahics of A bcloiigiiig 
to these lines and then fioin these value , by means of the 
foimula (4) those of G 

Fig 1, Plate II lepiescnts the cuive gncii by equation (O ), 
piesupposmg that in this equation instead of x expiessioii (8 ) 
was substituted, and Tindicatcs the oidinatcs and the abscusic, 


Ifit wcie leqnuod to fulfill the coiulitlon that both BiiocUn should contain tlio 
^ine amount of light amnsthe deteunmedby mcnnsoftlmloimnlaa ^ 

longei hc^ espiesscd b/ inutj * * ‘ C> would no 
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counted Uom the ims / u. and mcasnud ni pail ti( (In s( mi (u- 
oumfeience T lust took on this t lu \ i , n Im h n is {li au n in < m 
lecfc piopoitions* the neaicst vahus ol i , i one spiaidm^ In the 
\ allies beioiiginfj to the liiKb 1)^ 1% 1% (r, ll, and iluu 

coi \ ectecl these values^ so that they utuu lUly s i(i fu d tiu ( (jua 
tion (d ) , thus I found 


V nluc‘< 
ol 

J) 

t 

1) 

11 iuin 
I) f J 

1 ion 

1 

2 200 
ooita 

I?!") 

0 Ubi)? 

(IMIt 
(1 >01 > 

0 one 

1 001) 

OUm lIM JINI >/, 
000 ii 0 / iMJ/raal 


Fioin these \aliiLS of fioin th d of n, uid fiom tin v dm s ni 
d ^ 

alicadj calcuhUd, I then dtdnc(d l}^ na an ol loimnin (I ) 


Value 

O 

U 

( 

1) 

a hva u 
1> \ \ 

1 

1 

(1 

II 

C 

003 

0006 

0 0 IQ 

1 000 

0 ois 

0 urn 

lion 

iiniH/ 


These values of the intensities ol IIk light ol ih< piismulu 
bpcctiimg aiismg fiom the Ians evpusscd bj tIu loimula (I ) 
and (()), all lie between those given ])) ohsm ition nimh au 
detailed m No 1 , and they tluulou show thul (In loimida 
assumed is caj> d)Ic of icpic eiiting tin pin noim n i hi lad, 
the limits between whirh the d il i ol tin o!)s( nalions d( Laih d 
lango^ show how difheult is the deleinnnalion ol (lu so dniuj and 
consequently what iineeil uni J still uniains ugaidnig (lun \a 
hies Thus the nccessilj ol plidosoplu m di a o^ mng pholoim 
ti 1 C means which aie 8 US(ei)tibk of p(al(i iu<ina(>, liuonuH 
moic ind inoic stnking Foi wantolinou mimah dula, wi 
considei it aupeifluous lo asieitain wtulhci, by an alfnation m 
the foimulo;^ oi lathci of th( ii codluu nt g aguahi appjo\mm 
tion ofthe calculated lo the obscividu mils ( oiild no! la attauiid 

§ IV Runmh 

9 The values of and I in th( loininia (7 ) and (H ) aio eo 
expicsscd that the intensity ol tiu light in tiu cenlu ol llu noi« 
mnl spectium is at a maxmmm, wlun i u ((jnal In (hi judiUH oi 
urtity, and tUouuscisat incieasi piopoiUonally m pails ol tUfe 
seiru-cucumfcience tt If a 1 ,c taken «a - | | wc have 

fiom foimula ( 7 ) 

~_1 =5 — IT, ~1 ~ 51 , 

<i I! 


VOJ \ lARl Al\ 
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whence as = 553 5^ the abscissoe winch on cither side of the 
maximum oidm^ite me equivalent to the semi ciicumfeience^ the 
lengths of the ua\es coiiesponcl to 553 5 Hh 184 5^ z e 
A~j==3G9 Ai = 738 

Ihese tno values appio\imate uith sufficient nccuiacy to those 
lengths of waves at uhioh the light censes to be visible 1 Ik* 
intensities of light coiresponding to these lengths of waves in 
the points of the noiinal spectium would scaicely amount to 
0 006 of the maximum intensity and these points w ould scni cely 
diffei by ^^^th of the whole length of the spcctium liom the indc 
finite limits w Inch aie given ni Fiaunhofei s diagiam If c beai 
in mind that the obseivations of this skilful optician woic nrmde 
with gieat caic to assist the eye to discern the t untest tiaccs of 
light it maybe said that ouhnaiilj the distinct pciceptibility of 
light IS pioduced by waves the len^^tli of which extends fioni 
369 to 738 millionths of i millimetie oi inthei bj waxes the 
lengtii of which vanes fiom 1 to 2 and that tliose aio most 
capable of pioducing the most lively pci oeption^ the Icnj^^tU of 
which amounts to 553 5 millionths of a uullimetiCj or oncc and 
a half the length of the smallest wave 

10 In conclusion^ I shall follow the example of Newton in 
auanging the values of the lengths of the waves coiiesponding to 
the piincipal lines with those of the tones of the diatonic scale — 


do 

— 
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Ihe two fiist lines of numbeis cxpiess the lelativc values of 
the tones^ the lowci tone (c) being expiesscd by unity oi the fiae 
tion 7 ^^ so that the dcnominatoi of the second line lopicsents the 
lengths of the stiiugs which pioduce ihe icspectwe tones J he 
tliud line of numbeis contains the values of the lengths of tlie 
waves coiiesponding to the puncipal lines placed above them^ 
expiessed m millionths of a milhmctie On compaiison> it ap 
pears that the lengths of the waves at the lines II coi 

respond with the lengths of the stungs of tht tones rCp, 5?^ 
x^hilst in the othcis we only get an appi oximation llioac co 
incidences of the daik pimcipal lines^ when the piopoitron is 
expiessed by the duect denominatois I and 8^ and the iiumci atois 
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are indirect, appeal favomablc to the supposition that the dark 
lines are pioducecl by inteifeience; hence iC is woithy of ic- 
axiaik, that the line F conesponds only appioximatively lo tlie 
the length of the waves of which is ^^^th loss than tlic lengih 
of the strings of the coriesponding tone. Ilowevei , iliose purely 
speculative remarks aie meiely given until we possess more 
Jiumeious and accurate expciimcntal data. 


Appendix. — On Newton’s Theory of tho^Sjwcirunu 


If the length of Newton’s prismatic spectriun, (ig 1, Plate IT,, 

l>e taken as unity, and the commencement of the eomdiimtes be 

placed m the outermost point O, at the distance of one of the 

I'ed boundaiies^ the abscissae X of the boiuiduries at whicli (ho 

different colours cease aic given by the (ollouing numbers} — 

\o X) Xa \g Xv \/ \/ Xm, 

1—.^ a 4 5 5 Ifl f> 

riie letteis a, j/, &c. cxpiess lespcctivcly the coloius rod, 
orange, yellow, &c 
Inveisely we have 


L i L i L ^ 

\a \g \v Xi Xi Xa 




9 


A 


Xo X» 

1 f „ 

The lengths X of the fits of the coloms coi responding (o (hese 
limits follow, accoiding to Newton, the numerical values 

ka kg kv U ku ku 

(f)« m (i)« (1)^ (^)i{ (,•'# (i)»...(2.) 

The extensions of the colours upon the cii cum Ibi cnee of Ihp 
colomed circlcj nccoiding to Newton, arc pioporliouid to tiu* 
following differences : — 


?»’ = 1 
whence we have 


Xo 

fa 


1 


Xr 


1 


X(i 

Xf/ 


&c., 


i 


fa 

1 


<p/ 

1 

Ttr 


fv 

1 

V 


fl 

i 

T0 


ft 


fit 

I 

a 


„ . . (3.) 

If the circumfeience of the circle be divided in the proportion 
of these numbers, the lengths of the curves or, ra, &c. would be 

60°4S'j 34° 11' 5^54° 41'; 60^40'; C4*41'; 34° 11'; 60°V. 

The spectiuna icpresentcd by this, when recttlincarly extendod, 
as in fig 4, Plate 11,, w'ould form Newton’s normal spectrum. 
The centre of this spectrum would bo in the middle of the greeti; 

► 2 II 2 
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the coloms '\\ould be symmetiically clistiibuted on both sides 
and the lengths of tlic fits of the in}s^ winch concspond to two 
coloms equidistant fiom the centie of the spcctmmj nould pietty 
ncmly satisfy the condition n Inch nas fiist noticed by Blanc, 
that its pioduct was constant and equal to {^)s tins leads to the 
equation 

== 511 6(}) S «■ 

winch gives the length of the fits X,p coiiespondmg to the 
aic <p counted fiom the middle and assumed is positive touaids 
the led end, in millionths of a millimetic 

The thiee seues (1 ), (2 ), (3 ), which ue have hcic combined, 
compiise m a single point of view the simple iclations by means 
of which Nekton ingeniously attempted to ascertain the diftcient 
elements of the spectium 
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071 the Noctunial Cooling of Bodm eoojjosed to a free 
■^l^>iosphe) e m calm and saene lFe(Uli<o\ and on the re^ulhng 
neai the Ea)i/fs suface* Ihj M. Melloni'J, 

trieacl to i\i& Royal Academy of Scionco't of Naples on tlio 2aul of robuiuy. 
and 9th and 10th of Mmcli 18'IV ] 

Wilsom Mag the firat who observed ilic cold produced in 
bodies exposed duiuig the night, in the open oountiy and under a 
deal sky and calm atmosphere IIis obsen ations wei c perloi lucd 
towards the end of the year 1 783 by means of two Ihcimomctcis, 
one plnccd on the snow, the other liccly suspended at the height 
of 4 feet On one of these nights, the lower theimomotcr, 
under ja perfectly clear “sky, maikcd — 21^*7 5 the upper ther- 
irnomcfcei — 15®. The diffeiencc of six degrees diminislied rapidly 
wlicn clouds appealed on the hori/on, and cniuely vanished 
when the sKy was completely covered the tw^o thcimomctcis 
had then descended to — 13^*9i. 

Some j'-eais latci, Six found that a thcrmomciei placed on the 
glass of a meadow dm mg calm and cleai nights continued at 
several degiees lowei than anothci pci feet ly sun ilai thermometer 
suspended at the height of 6 or 6 feet, the diffeicucc between the 
two amounting sometimes to 7° 5 | . 

At tlie beginning of the picscnt century Wells instituted a 
long series of expeiimenls analogous to those of (^ix, but moie 
extended and di\ci sifted, by placing Ihcmiomcters in contact 
with the giound and leaves of pLints, or by enveloping them w ith 
wool, cotton, and othci substances. These ihermometei s, placed 
at a small distance ftom the earth^s surface, in calm and seiene 
woather^ gave a fall of 4^6 and even 7'^'8 below' a theiraoinetei 
withou-t any envelope suspended at the height of 4 fcct§. 

All these indications became moie ncaily equal to each other, 

and soxne times became absolutely equal w’hcn the wind blew, or 

% 

• Ti aiislfitGcl fiom the Anmles de Chnme ei de Phys^ijue foi Febiimiy 1848, 
by Air. W, Jlohsoii, B A , St John's College, Cwmbutl^G 
4 Ediiibui gh PhilosophiLal Ti ansnctions, voT, i. in 153, 

X Six’s f osthumoiu Woiks CnntoihiH), 179t 
§ A72ii lie Chinm et rfe Phys 3ul soiioti, vol. v, p, 183. 
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wliGn the sliy covcigcI Mitli cloucls^ oi wlicn n bciccn mbs 
sti etched hoiizontally at the distance of some feelfiom the thei 
mometeiSj so as to inteicept entiiely the view of the celestial vault 
The expeimients of Wells have been lepeatcd bj seveial 
obseivers andin paiticulai bj M Pouillet This plulosophei in 
seited one ot the thoimomelcrs into swansdoun contained ui a 
vessel placed on the giound and left the othei suspended fieoly 
at the height of 4 feet^ in the same way as Wells and W ilaon 
Ihelowci theimomctei, on ceitam nights descended eight oi 
nine degiees below the uppei onc't’ 

Ihe diffeienrea of tempeiatuic bct\\een the tno theimometei s 
employed in these vaiious expenments aie evidently owing to 
the caloiifie ladiation toi^aids the iippci legions of the atmo 
spheie and the simple fact ot the quid ness Miih whicli they 
dimmish oi entnely cease on the appeaiance of clouds oi iinclci 
the meie influence of an obstacle opposed to the cxehango ot 
heat between the thennomeicis and the skj is a sufficiently 
c\ident pi oof of it 

Neveitheless if ue examine them with attention, it la not dif 
ficiilt to convince oiu sdves that these chtTcienccs do not lepiescnt 
the excess of ladiation of the lowci theimomctci above tliat ot 
the iippci one 

And, in fact, -vie know that the tcmpeiatiuc of the an at dif 
feient distances fiom the giound is not con taut, but vaiiablc 
with the height In gencial, the heat mcieiscs duiing the day 
as we appioach the tciiestiial suifacc, but the contiaiy occuia 
m calm and seiene nights Ihis Inttei fact, whidi was fiist 
obsei ved by Pictet towaida the end of the last ceiituiy, and atlci 
waids confiimed by Six, Maveix and othci cxpcumcnteis leads 
evidently to the consequence, that in the expci imcnts above 
mentioned, the Iheimomeleis neatest tlie gionnd acquuc, by the 
meie contact oj the, mednm m which they aie phmged^ a tempo 
latuie lowei than that of the uppci thcimometcis, and that, 
Consequently, the chffeience between the two tcmpciatmcsisuot 
entuely qwing to ladiation Again, as glass is endowed with a 
veiy gieat emissive powei, naked thcimomeieis cool quite ns 
much as the most lachatmg bodies and do not indicate, unclei 
i seienc atmospheic, the tiuc tempeiatuic of tfle an 
Hence to obtain compaiablc lesuUs and to judge how much 
a theimometei cmcicd oi cn\ elope cl with a given substance inlls 
^ I uillct 1 Im uh dc J! unique I Ih edition 18U p 010 
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duiing the night below the suiiouncbng tcnipuatiue^ ^\c must 
find out a method of ncuUali/sing, oi at least dimiiuslung as fai 
as possible, the ladiatiou ofthe thcimomctei u Inch niLasuics the 
"iiempciatuic of the an , and it is absolutely indispcns iblc that 
the two matiumcnts should be kept dmmg the obscivations m 
the same liouzontal stiatum of the atmospheie 

The utU known fict of the ladiatmg pouci of metals being 
loss than that of all othci bodies, kd sLVCial obseivcis to covci 
the theimometu used in mcasuiing the ilmospheiicicmpeiatuics 
With leaves of gold, silvci oi tin, but these envelopes scaiccly 
satisfy the lequiied conditions, in consequence of Uio cxtienm 
difficulty of idipting exactly the metallic leaves on the glass. 
Without foiming uiinkks oi leiving some poition of the bulb 
opposed And then, since the thcimomctei enveloped in me- 
tallic leaf was employed solely to meaauic the tempciahucs ol 
the au, and that in oidci to obtain tlie effect of ladialion of dif-’ 
feient substances, they continued to use nal ed thcimomoteis, 
theie ensued a neu souiccof eiioi m consequence of thediffeicnfc 
feensibiliUcs of these two species of thcimomctei s, llie foinici 
being ncccssaiily lathei moie sluggish (pmesmi^) than tlic 
Qccond Both of these inconveniences may bo easilj avoided by 
inepnung m the follo\Mng mannei all the thcimometeis which 
it IS intended to use in lescaichcs on nocturnal cooling 

f’locuie in the (list ))hcc a small cylmdci of coik of hue lex- 
tme, whose foiin and dimensions aic about the same as those of 
n common coik, let it be picieod in the diioetion of its vxis by 
a small hole, hi which is to be iniioduccd the OKticmily of a 
theiinomctd gindiiatcd on its tube, and ha\uig gently puslied 
the eoiiv to within 5 oi G milUmcties distance fiom the bulb, 
fi\ it fiimly in this position with mastic and some small wedges 
of wood 01 caidboaul The thei momctei-tubc is ultci wauls to 
bo applied to a sheet of pajier to copy the scale, which is then 
to be cngiavcd on a veiy slight stnp of ivoiy This moveable 
ivoiy scale may then be adjusted to the thcimomctei by means 
of an incision made in the nppei pait of the coilc, and scciudy 
fisecl by the help of two small pegs, when a pcifcct comoiclcnce 
has been obtained between its divisions and those of the glass 
The small stnp df ivoiy is then fixed on tlic tube, as is usually 
clone on Iheimomctcis wuth moveable scale In the mstiuments 
thus piepaicd, the cxtiemity ofthe eolimui of mcicuiy and thp 
rouespondmgckgiec on ilic scale aic distinctly \isibk it iglmcc 
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Iku c(l al m a d nl place hy means of a ht pi itod In land 
the ship o( ivoi y a on c uuutiuu c ol at impoitancc in no( tmnal 
o])Hi ualinns Ilut i (pi ihty still mou picdoiis in these tliu 
inonnUis (ointiinicd mi h {oil Sj consists in the gicat fncility 
Mhuh tluj adoid ioi (ompunson hdwcdi the tcmpciatmcs of 
I In EUi and ol bodu s wlin h ladi itc toMiuds the celcslul space 
1 01 this imiposc i small \as( oi sil\(i oi hi m is taken snnilai 
to a ( onimon s( w nif, thnnbU m hose suiiacc is to be smuiith and 
polislicdj and it i dinn nsions sidhiuntio uccivc the bulb ot a 
tin imoimtci, and then lit on nilh liictiouto the low ci ts.U(nuty 
ot tin himill (Oil (yliiuUi llu Ihumoimtci ha\inp thus Us 
usmvou piot((Ud by a metal auinituic, and the tube by an ( n 
\(lopc oi (he same naliue loses almost completely its pnuHSt\< 
liowd) as \\( shall soon sec^ and t onseciucntly fimiishes the tiuo 
Itinpiiatnii ol tin shatinn oi an ni wliiih it is plmiG^ecl Al u 
il M( (o\(i llu i\Uuoi sm(a({ ol Iht annaline Milh 1 imp bl icl 
Ol a Munish tin ( mn \\i powd ol Uu appiialus is i used to Uj 
in iMinniii and lln tlunnonnld l)ein„ piopdly pi iced nilue 
an disdinls lalow (In suunimdni leinpdiitUK by uitldlion 
iowaulslin iip[Mi n mns of (lu Umospheie All tins i^ deal ly 
niinifi s(i (I b> Llu I illoninf^ {\pdinidilK 

On tin l/(h nl lit siptdnbd (IHi(>) the wcalhei vvns OnG 
and dilm m llu \alhv nanud la I (nm^ situated betMCU) tin 
< ihiH {)( ISaple s and Salt nio At U o clod ni the evening I o\ 
posulonaUnmc nusid 15 nu ties above the ^loimd) Uncc 
tlieiltioimtois sdiHibl} eepial, aimed in the mannei Ihiuc just 
nieuhoned h\o had tluii aunatnie polished^ that ot the tliiul 
was eoaidl niili lamp hliul llnse lluunotnelcis MGie placed 
hou/ontall}, and eaeli ot tium had its Ksenou placed at the 
bottom ol u ve skcI loinn el ol tin plate, and ot llu shape nl a turn 
ealedeom in\dt((l, the uidius ot its lowei end being cen 
lime ties, and that ol the nppei end 7 eentimehes fhese 
vessels vvhuli weie H (ditmuiiea hi^^h, wcu snppoUcd by 
Utpods ah (ditimches in heif^ht, foiimd of skmlei ini plate 
tube a, w huh in addition to then hiimuss^ possess the advantage 
ol having bill lilth mallei mllun luinsvd se Hcetion , and hence, 
])y ahoielnig veiv IittU eoininunicalion oi heat with the ftiound 
be lu alli the m almost eomple tely isolate Uu bdthes they suppoi t 
in onld lo inhodmi Uu lluimoimUi hon/ontnlly into tho 
1 1 ( ipu nts and I ee ji I ht in in tins position, ( aeh \ 1 8sel had a lalci al 
( pemii^^ madt tlose to the boUenn, and (uiinshcd on the inside 
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with a metallic tube \Tbich covcicd lialf of the corh of the thci- 
mometcj. The items of the theimomcteisancl then ivoiy scales 
vexe encloi>ccl m eases of thin tin-plate, Minch fitted on to the 
other half of the coxk^ passing thiough the e\teuor side of the 
Ycssel, and could be tnlvcn axvay and replaced at plcasuie, to 
obseive the indications of the instuimcnts, and to piesei ve them 
fioin the moisture of the atmosphcie, and especially fiom the 
eftecls of the cooling of the ivoi y scales and thcimonieici -stems-^ . 
The openings in the vessels we\o m the fnst place closed bj discs 
of tin-plato 

Aftei being exposed foi half an hour, and consequently at 
30^^ the tin cc thei raonietei s niai ked the same tempei aturc^l 7°*0 1 j 
or to speak nioie aecniately, tliey only differed fiom each othei 
by the same fractions of a degiee (0*05 and 0 09) maiked by the 
three mstiumculs when plunged uncovered into a huge vessel 
ot lukewaim uatcr, At 10 o^clock the thermomctci s Aveic ob- 
scived again, and all thicc Mcie seen to maik a tempciatuie of 
17 ° 3 : at 10^^ 30’" the thi ee thci mometne columns indicated 1 7 ''* 1 . 

* II the tiiboa of Ike tlieimometoia wcic loft exposed lo tlic ficcau, llio cold 
io 3 ultni{; horn then ladmtian townida tlio sky might intei fcie with the action 
ot iho d ilk lent substances apphed to the bulbs, to such u dcgieo that it ^\ould 
often ho impossible (o iLcogiuac ihc difleiouce in thou emissive powcis And 
U IS easy to pcicoivc the aiuse ol this confusion, it wt icflectthatin the voiticnl 
position lu wliitb the Iheinioincki la n&nallyhcld, the ladiation takes place fiom 
nil points ol the sill face of the tube Ibo cold piodutcd on the BUpcificinl 
layeis is piopnpatod along ilie sides to the bnlb, ami in a tlans^ mao diicrtioii 
ns iftr lift the niiddle. i’lio licjiiuk of the tboimometuc column \^hlcll contiact, 
doacend luul aic ipplated hy a conespoiuling iioition of pai ticks fiom tlie bull), 
and n cn dilation is foimed wfioso cooling effoct is added to that piodnccd by 
the ducct contact between the lube and Inilb , so that a eonsideiablo pait of the 
cold piodiicod by llie ladintion of the stem is conimnmcaled to tlio whole mass 
of tlio tliciniostopic liquid and to the lestjvon of the theimomctei 

i Wild! the e\ppi linen (Jb aie made in the inuKt of holds on calm and sot on q 
nights, the an mu 1 minding tin llieimomclei is always veiy moist we bliall 
lieioaltei poicouo the uuiso of this giLiit Immidity Admitting it fin the pie- 
Bcnt as a ecitnm ftict, it ovidcntK follows that in (Ins case the cold tiansnuLtcd 
hy tlio stem to the bulb of the tiiet mo motel will cause ti pioeipuntion of aque- 
ous vnpoui on whatcvei substance covcis it Now watei being endowed with 
a gteat cmiEaivo powci, will begin to ladiato itself, and immediately to cool 
down the tlionnometiic )et>oi \on, and this cold will bccomu sensibly eipial to 
that of tlio most India (ing bodies, so that two iheimometeis with iinuntiod 
tubes, one of winch has its lesoivon coated with lamp black, and the othei giU 
01 silveud, if exposed to tho fiee an on calm and Beieno nights aftei having 
piesented a dificienco of cold in favoiu of the founei substance, will ultimately 
indicate the same d^ice of licnt* 

This 18 the iciiBun whvsonioo\poiimcntei 8 ba\enotobaeived any appteciablo 
diffeionco between tho noctnuial cooling of a bciic& of theimometcis, whosd 
stems wpfe uncovejcf^f placed at the same height, although the icsci vena ot these 
dinmoineteifl wcic coveied with diffeicnt auhatniices, 01 put into conmmnicaUon 
Avith platQfi of diffeient ufttino sustained by glass tyUmlen 
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Ihcsc initial obseiiations all each pioved deaily that the metal 
aimatuics with which the hi si two thcimometeisMeic fiiinishccl^ 
and the similai metallic sides of the tlncc leccivmg vcbsels^ ncie 
not sensibly cooled bj ladiatiou loi othciwisc the tlicimomcteis 
fiunislicd with polished metallic aimatuios \\ould have mail cd 
a highei tcmpciatiuc than that of the theimomctci M hose anna 
tine was blackened But this conclusion beenne still mmc cvi 
dent on taking away the coveis of the two lafctei vessels^ and 
leaving one only of the two theimometciswithpohsheclaimatmc 
in the same condition as befoie Ihe blackened Ihcuuomctoi 
now began to descend lapidly ten minutes aftcnvaids it had 
Uiamecl its lowest poinh and maiked 3^ 1 less than the theimo 
mctci contamul in the othci uncovci eel vessel, and this lattci 
incite ated tlu same tcmpeiaiiue as the thcimomctei in tlio closed 
vessel lienee the immobility of the metallic thci momctei lu 
Uu opui ^essd, and the identity of its tcmpeiaiiue \Mth that ol 
tlu metallic llu imomc tei m the (low d vessel, mconteslablypiovc, 
— -1st, that tlio cooling o( the blade cncdthci momctei is owing to 
ladiation, and not to the contact ot the (\tcinal an , 2nd, that 
flu (old piodnecd ))y the ladiation of the metallic theimometci 
IS nothing oi at least so (ecble as to escape dneet obsdvation 
ihe lust eonclusion is in pcilcct accoulamc with what wc 
1 now of Ihcgicatiadiatmgpowoi of lamp blaol , but thoseepud 
18 opposed to Ihc views hitheilo cnteilamcd as to tUoiQlativo 
omiasivc poweis of lamp bUiok aiid melalhc smficoa In fact, 
if we denote by 100 ihc calouflo radiation of lamp hliiolc, gold, 
bilvci, tin, and biass will have thou ladiating powei cxpicssod 
by 12, accoidmg to tho e\pcuments of Leslie, inscitcd m all 
tieatiscs on physics Ihc dcgicc of cold ttcquucd by the black 
theimometei in consequence of its being fiecly oxpospcl to thet 
sky being 3 I, the uuco\ciod metallic theimometei OItglit to bo 
1 2 

( ooled ~ (3^ 1), i e vP 11, a veiy appicoiablc quantity on an 

jnaliumcnt whose scale was divided to fifths of adcgi novel 
thelcss the o\ppiuncnt indicated no cicaily appicoinble vauidiotr 
m the column of the imeovdcd mclullic theimometei 

On the othci hand, if metallic suifaccs aie not enelowod with 
find capacily of caloiific omission nsinlly atluCulcd to thorn by 
( \peiimcnteis, it oeitainly could not hence be infcnocl that they 
au absolntelj depiived of all ladiufing powu 

I lui\( thcidoic (iulca\omc(l In lopcat with tlu f^icsitcsf pos 
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sible aceuncy, expcumcnts of compauson bch^een the lacliiiiou 
of hmp black and of metals exposed to the nocluinal influence 
of a bciene sky 

Those who have had occasion to compaie vMth much acciuacy 
the movement of seveial theimometcis placed in the same cn- 
cnmstance'?, will no doubt ha\e been convinced tint, whatcvei 
be the skill of the mukei, oi the natinc of the metliods employed 
to deteimine the points of compauson, it is with difliculty iliat 
an identity can be obt lined in the indications of two theirnomc- 
teis This defect would be of vciy little impoitance in icse nehes 
which, like ouis, havcfoi then object the detcimination of meicly 
iclative values, foi we might deteimine the difieicnces OKisting 
between them at a given tempciatiiic, and thus leiidei tlie ob- 
aeivations identical by a simple addition oi subti action But 
CKpeiiencC shows that the difleience between the indiciLiona ol 
two theimomctevs does not gcneiallv lemain imanablc between 
points of the scale at a distance fiom each otheij and that it is 
ficquently \ suable within points which aie ncai each othei, ac- 
coiding as the two uistiuments aic subjected to a moic oi less 
abnipi laimtion of tempeiatuic 

flo ovcicome those difliculties, I in the fiist phee chose fiom 
my ooUeclion the thice aimosphotc theimometcrs which agiced 
best w ith each othei, and after having aimed them in the maiinci 
pioviousl} mentioned, I intioduced them into then closed conical 
exposed them on the OthofOctobu-^jat 8 o^cIock 
ih th& the weathei being vciy calm and scienc l<’oi 

giealei distinctness, the thiee thumometcis aie denoted by the 
leiteis A, B, C Half an houi aftci w aids wc began to obsoi \ c the 
mstruments, the indications of which, noted cveiy tlnec minutcb, 
gftVe the fbllowing lesults — 

ji 

* Onsooing an luteival of twent) two (hys between tlicso expoumonts and 
the piccoding, it must not bo mfoued that in all the infcnncdiato nights tlie 
wonlbei wag not fnvcnuahlc foi obsoi vations as any ono may convinco him 
self by the successive dates , butiatbci that tho cxpeiimonts in question did 
not follow each othoi in the ouloi adopted in tins mcnioii Ihc ideas and facts 
have not always pioccodcd ith all the legnlaiity dosuable Nc\ei llickss Hic 
w'mk being flmshed, I have endow oiuocl to aiiaiige the matcuals guthcicd in 
tho best way that I ^uld 
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ficneo Ihc diffucncos icftiied to the mimmum value (that of 
A), tint n to ST.) to the mean indication of this mstiunicnt, 

M Cl 0 — 


17‘'79G-17 7G1==:0''032 foi B 
17 S22-17^7( 1==:0 O.R foi C 

Aflci u lud the mi tallic phics \i hic li i o\cn d Uic u cipu nl \ c isels 
Mill icmo\i d and at 0^ 1 5 tlic indu ations of thcihci moinctcis 
M 1 1 c iin iioU d do\i a cvoi j iln ci inumlcH 1 lie folloii lu e 
lh( lesnlts ol tl cu lattci ob^iivaliuns 
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1 d the dilfei cnees belneen C and A, wc haie — 

13==:0 (Ph foi B 
U'19G-11 li^(f()ba foi G 

winch didcicnccs are sni&dily equal to the piccodm^ witlun the 
limits of cuois which may be meuned in appHcmtin^ h icLiona 
ku than tenths of a d(p:iec which wcic mail (d on the sedi, 
md yet left a consideiablc niteival between the divisions 

J he means of these two pans of dineiences me 0 03U and 
()0f3 it may then be admitted ihal httwun fomUen and 
PHjhldn dtyxLSy and U nipo aim InU halt diffawg fi am these 
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tzoo hmifs,0^*0^ must be siibti acted fiom llic thei momctci 
and 0®'062 fiom the theimometci C, in older to obtain ilie tern*- 
perntuie of theimometei A After having dctoi mined the coi- 
^ectlons to be made tn ihe actual circumstances of the expei iment^ 
tliie blackened armatuies of the thermomcteis A and B weie ic- 
moved and leplaced by well-pobshcd ainiaturea of silvci. The 
1 ecipicnts of these two thermometers \Aeic then closed, as well 
as the third lecipient containing the blackened tbeimomcter C» 
The weathei continued calm and scicnc, and the teinpciatuie 
of the air had not alteicd much on ihe tcnacc ^herc the nppu- 
x^utus was placed, At ten o’clock A indicated B 17 

C 17^^ 70. Applying to the two lattei then respective collections, 
\ve have 17° 66 foi B, and 17°*6S8 foi C, so that the thiee thci- 
moineters weic at the same tcmpciatiue. The coveis of B and 
C Nveie then lemoved, leaving A enclosed, and at half-past ten 
o^elock the obseivations weic lesumcd, of ^^lucll the lolloning 
Ta.ble contains the lesults * — 



Tcmpci atiircH of the thctmonuilc ra in then i cupjputs 

'i’lmo of obsonalion 
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Op 
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A 
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Melftllic 

lifotnllic 

IHaclton d 

h m 
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10 00 

17 65 

17 "jO 

1107 

10 J 

1755 

17 15 

1105 

10 0 

17 53 

17 11 

1105 

10 D 

1751 

17 11 

1103 

10 12 

1752 

17 12 

110.1 

10 16 

175,1 

17 n 

M 02 

10 18 

1751 

17 50 

1100 

10 21 

17 50 

17.17 

LI 05 

10 21 

17 50 

170(1 

13 02 

10 27 

17 10 

1/01 

VA 02 


175 23 

171 lil 

110 0^ 

Means 

17 523 

IMIO 

M 003 


0 000 

0 OJO 

0 002 

Corrected Means 

17 522 

17 383 

13 941 


SubtVactingfiom the mean of A the corrected means of B and 
we obtain the differences 0° 108 for B and 3 ’^581 for C, and 
consequently if w'e make 3 58lrj=100j the value of the emissive 
radiating powei of the silvei foiming the armature of the 
108 

tlxermometer B will be 100 = 3*026, a value which may be 
3581 

regarded as exact within a limit of error of fifteen or twenty 
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thousnnclths, which we miy conclude fiom the ualuic of the in 
stiuments employed and fiom the gieat ic^ulaiiLy of the diftci ent 
senes of obsenations Ilencc laminated silvci laclntcs about 
foul times less than expenmen teis have hithcifco supposed 

Ihis lesult appioaches vciy ncai to tlxai obtained litcly by 
MM dc la PioYostaye and Desains uith icgaid to the emissnc 
pouci of this same meial by the aid of the theimo multipliei 
and Leshe^s cube In f let^ if wc continue to denote by 100 the 

ladiating poMci of lump blacl , silvci ctiemically piccipitated on 
eo])pei will accouhng to them haic its ladiatmg ponci cx 
picssed by 5 37 m its natuial siaie^ and by 2 10 when polished 
the emissive ponei of oidinaiy silvei would be 2 9d avhen it fiist 
comes out of the flattening appaiatus {laminoi7)f aiitl 2 aftu 
having been buinishcd 

As eaily as the yeai 1838, I had deduced fiom Rome obsu va 
tions that the diffcience of emissive powu (as dctcnnuicd bj 
the viell knonn cxpeiimcnl of I eslic) of a lou^h gaiifaic niid a 
polislied one of the same metal did not aiisc, ns w as then genci ally 
supposed, fiom the gicatei oi less dcgice of polish of the siiiface, 
but in leahty fioii) tlie diffcicnce of density piodiicecl,?»witi«W/a 
<iubslance$f by the scintches on the mclnl made m oi clei to change 
the smooth suifnce into a loiigli one, vhich sciatclics in the oi 
duiaiy casesof laminated metals, lauibaic them tciioi pnit moie 
tendei and indiating than the suiface, so that these cliangcs of 
density sufliced to explain the pha^nomenon luthcito obscived, 
even m the case wheic the mcinl is not ovidablc llus piopo 
sition appealed to me to be incontesiablj demonstiatcd by the 
two following facts — 

1st Silvei melted and cooled slowly m the moulds, polmliod 
with oil and chaicoal, and afteiwaids sciatclicd with the point of 
a diamond so as to compiess and condense the bottom of the 
fuiiows, diminishes instead of inci easing its ladiating powei in 
passing fiom the state of polish to loughness 

2nd 1 his same kind of polished silvei loses its emissive pow ci 
as well, when smaitly hammcied on m anvil oi passed tlnough 
the flattening appaiatus 

It IS hence easy to pciceive that the same punciple is in 
volved m the expeiimcnts of the two riencli jAilosopheis , foi 
silvei chemically piecipitatcd in coppei bein^ much less haid 
and dense than polished silyci, the emissive poweis of these dif 

Bfhliotheqne Umvetselk d Ge?i'^ve mmU 1838 
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ferent sorts of silver follow exactly the invcise ratio of the den^ 
sitiea. The dififei ences which I have investigated woie clue solely 
to the ladintnig power of the metal in its state of gieatest acti- 
vity, whilst the e\peviments of MM, dc k Piovostnye and Do- 
sains determine the emissive power of silver and of other motals 
with legal d to lamp-black 5 ivhence piobably has auscii the 
slight histoiical erroi contained m the intiodnctioii ol thoir 
memoir. According to them the latio hitherto lulniittod be- 
t\\ een the emissive power of metals and that of lamp-black would 
result well fiom the cxpciiments of Leslie as from the labours 
of Petit and Diilong and from my reseaiches It is very true that 
Petit and Dulong have obtained results but little diffcung from 
tliose of Leslie ^ but no rescaiches on this subject have been 
published by me. The only questions which have appeared to 
me sufficiently cleaiedup by expeiiment to merit ttic attention of 
philosophers, are, first, tne influence of inequalities of suifacc, 
■winch we have just mentioned, and the influence of colour, 
questions which have each received a negative solution, I novt 
examined the influence exercised by the thickness of the radia- 
ting atiatum of the heated body on the plucnomena of radiation, 
the sole cause, 111 my opinion, of the enoimous diffcicncps ob- 
scived between the emissive powers of diffeieni substances. As 
to the numciical detciiTiination of the ladiation of metals referied 
to that of lamp-black, any one may easily convince himself 
that no mention has been made of this subject in the difTcient 
memoirs which I have published on ladiaiing heat, 

I will add, lastly, that cxpciiments analogous to those of 
MM, dc la Provosiayc and Desains had already caused me to 
suspect the enor announced by these skilful expcumeuLeis, Hut 
the difference between the new and tlie old value ivas so great, 
that I was tempted to attubute it to some faults of construction 
in the thermo multiplici which I had employed. At present (he 
agreement of the icsults obtained by siieli difTcient methods ds 
the ladiatiou from the cubes of Leslie on the thcrmo-muUipbcr 
and the ladmtion of Uieimometcrs with metallic surfaces tow^auls 
a seienc sky, appeals to me to remove all doubts. Let us hope 
that these observations w'lll be repeated and completed by 
peilmentcrs, and that befoie long the very inaccurate values of 
the emissive powers of gold and silver, of copper, tin and brass 


* Jlechoche^ sur la Mesme des Tamps* Pans, 1818, p 75 
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deduced iiom the lesnichcs of Lc^^lic PtlU and Dulon|. ^^l!l he 
eflaced fiom sutnlifie win\ s and i(. pi iced bj moabuu h o[ ycatci 
acunac} 

T he puallel movouicni of the thuinomctus ^^llh polished ai 
mutuiLs in the closed and open vessels^ and iboAC till tlic c\ 
liemely clifFticncc m then indu itions shon thd in both 

casts thG‘5e instiiimenls {^ivc the tint teinpciaUnc o( the sUu 
turn of an in mIulIi Ihcj aic plun^^cd, and consequenlly the 
closiOj, of the \cs3d IS nsckis^ when the nalme of the cxpeii 
menu does not icqune a)i evtiome d( ^^icc of pieciaion in the 
meisuics It is moieovci quite evident tint it the pusence of 
tlu vessel (the sides of nlneli tend to inciea p the coolin^^ of tin 
theimomciei^ by pieseivmp. it liom the i uliation of the {.^lonnd;, 
by leflectm^^ lowuds the sky the heal iiubatid liy the instiii 
incut tow aids tlu cailhs siuface and In muntaumi-, a ct iluin 
(aim in the an smioundni^ il) does not sensibly altoi the null 
eation ol th Ihennonielii lelainely to the tempoialiue of the 
siiatum ot au in whieh the mstumual is plun{(d tins timpc 
laime will be f,ivon with so much the gicaUi aecui it\ bj the 
tlieunomc tei piovided with a simple metallic tase^ and liecly 
suspended by lon^ metallic thicads oi jdaced on a sujipoil 
fuimod of tubes of tin plate, as we ha\e aboNe desci ibed 

ihe means of obtamiuj^ the tiuc tempei itun of Uk au being 
1 uown, nothiup is castei than to deteimine the diilei cut dcgieea 
of cold that 18 to saj the depicssions below Iho icnipeiuiiuc of 
the ail, pioduced by the noctmnul ladiations of difUieni sub 
stances In fact, it is snfhcicnt to applj these subslnnccs on the 
ai matin es of a ceiliin uunibci of theimometcis, niti educed into 
then icspecUve conical lecipicnU and expohcd to iliefue au 
cluung calm and scicm nights, togethei with the theimometei 
aimed Ihioughout v\ith polished metal which gives at each in 
stant the Umpeiatuic of the an, and which, foi gicahi pcispi 
euity wc fihixll m\\ i\\t atmosphei ic t/iu momcici All the thci 
momctiic icscivons ought to bo at the same heit^ht J ach thci 
momctei being compaicd, at scveial pciiods, with the atmo 
spheuc theimometei, the ft u/ot t/io action of the subsluiicc which 
envelopes it will bo equal to the difFeiencc be|,ween the two in 
sUuments, when this difieience is pieseived invauablc duung 
two Ol ihiec consecutive obscivations 
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The following are some of the lesiilts obtained by this method 
on the night of the 17^1^ October 1846 t 


Ntime of rodlatlnR body 

TcmperntwrcB 

J)lftcroncc« 

iHtlos 

Of tbo body 

of tho mr 

Lnmp Mack • 

lf2I 

ir'^oi 

3”d() 

100 

Cniboiiatc of lead 

IS 01 

17 30 

3 36 

09 

Varnish , 

HIO 

17 13 

3 30 

97 

Isinglass 

B 67 

16 03 

3 26 

96 

Glass 

10 63 

16 79 

3 16 

93 

Plumbago 

13*60 ; 

1662 

2 92 

86 


In these expeiiments^ aa ^\ell as in every other measure ic« 
lating to the compaiison of iioctiiinal cooling lesulting from a 
diffeience of emissive power, it is necessary to opeiato at a 
€hsi(ince ftom the ground and in diy loeathc) 5 for if the an la 
"veiy moist, and the aqueous vapour la piccipitatcd by a alight 
degree of cold, the diffeicnccs niaiked by thermometers A^hose 
armatures aie coated, after shoAiing themselves at first, giadually 
disappear. 

The reason of this fact, which has aheady been noticed in the 
note to page 4 5 7, IS easily pel ccived, ifwcieflcct thatm peuods of 
great humidity bodies of gioatei 01 less ladiatmg po^\er become 
quickly coveied with drops of water, and acquire upon the whole 
the degiee of emissive powci belonging to tins liquid. 

If the substances whose emissive powei wo ivish to find can- 
not be applied on the metallic aimatuic of the theimometcr, such 
ns diffeient kinds of sand, earths, wood and leaves of plants, the 
ai mature is then left polished, and the matciials ^ ai‘e lulioduced 
into the bottom of the conical recipient in such quantities that 
when heaped up they nearly covci the leseivon* The cold 
lesulting fiom their ladiation is propagated, as lu the preceding 
experiments, to the tlieiinoscopic body, winch eventually maiks 
A depression of tompeiatme gicatcr or less according to the aeie- 
nity of the sky, the tianquilhty of the air, and the nntuic of the 
radiating body* 

Seven vessels prepared in this manner, the first with lamp- 
black in po\vder, the second with grass, tho thud w'itli the loaves 
of the elm and poplar, the foiuth with vegetable eaith, the filth 
Mith sUiaeouQ sand, the sixth with poplar sawdust, the seventh 

^ Metals” U\ the Fionoh haiifilation — evidentl) n nnslako. 
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With mahog'iny furnished the following icBulta on the 

night of the 27th ot September — - 


N t allftibgb I 3 

r 1 

i 

1) fi* n 

R tl 

Of a \ b 

Ofu i 

Lftmp black 

l/BO 

20 10 

2 00 

100 

Dlft cut eittsscB Mtlismootl 1 

1721 

202s 

2 01 

lOti 

Leave of elm ni d popla 

1717 

20 lU 


101 

1 oplai 1 1st 

17 61 

20 ^8 

2 87 

00 

Mnhognuy sawdust 

17 05 

uao 

2 76 

or 

S 1 CLOUS aaud 

1/ ir 

2016 

2 70 

01 

Vegetable ca U 

17 02 

12 bO 

2G7 

02 


T1 e ^bscufttioi s were ma Ic between 8 0 clod ni rl 11^ About mid liglit some 
cloi ] fpi crue 1 on the hoii/oii on tlio si Ic towaxds Naples j in a few mtiuuos the 
shy IS con pklely covuert All the Ihcunon teis mailccd 20 nearly at 2b nu 
mites past 12 

Ilcie the cold is lathoi Icss^ because pnit of the effect due to 
the icflcMon of the sides is no longci excited on the theimo 
inetex, as in the picceding ease but l/te ladialioii and ikt con 
scfjimit cooling ait mamfisUd ckaihj in the sand eaitlis^ wood 
and leaves oj plants^ as loell as in the laniji black And although a 
ugoious compauson cannot be nude between these lesults on 
account of tlu diffei cnees o( conducting powei and mass of the 
substances submitted to expeument^ the emissive powci ot Ihcso 
oaiths and vegetable substances did not seem to diflci much 
iiom that of lamp black 

Moieovci, no one can doubt that the diffciont dcgiees of cold 
obseivcdin these expeinncnts aiose liom the emission of heat 
into space oi the elevated legions of the atmospheic by the dif 
fcient substances which envelope the iheimometiie aimaliue^ 
since they aic seen to dimmish at the vciy instant when clouds 
come and station themsehes like immense cliaplungms above the 
bodicsj thus inteiceptmg all communication between the sky 
and the eaitlg and aic at length completely i educed to zcio 
Anothei pi oof, not less conclusive, of the same tiutlg is the 
cessation ot Iho diffeiencc between the one and the otUei coated 
theimometci, and the facility with which they all ascend to the 
temperatuie of the thcimometci whose aimatiue is fiee^>Ylien 
the openings of the recipients aic closed by the metallic discs 
As to the poilion of the sky which acts witK the gieatest lUr 
tensity in this class of phenomena, it is easj to convince onOself 
that it consists m a ccitam cnculai space which has foi its centre 
the zenith of the place ol obsoivation In fact, if, whilst oxpeu 
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Tnenting- in seiene^^eatliei^ the sky becomes sloiUy covcicd iiith 
oloucls^ the differences between the thermomctei enveloped in 
radiating substances and the theimometci with inet«ilho sui- 
^faee^ dirmmsh veiy little so long as the clouds lemnin sepaiatcd 
by 30^ oi 35° fiom the vertical chawn Ihiough the place of ob- 
seivatiorj. As soon as tins limit is passed^ tliese differences 
deciease veiy rapidly^ and totally diaappeai ^^hen the angular 
sjjace of 35° lound the zenith is completely coveicd with clouds. 

But without waiting for these changes in the weather, which 
aie unfortunately moie fiequent than the observer occupied with 
expei iments on noctmnal xadiation would wish, uc may airivc at 
tlie same conclusion by a veiy simple aitifice. In fact, it is suf- 
ficient to incline the vei ticnl aus of the conical vessel which con- 
tains the bulb of a thermomctei with blackened or varnished 
armature, to peiceive that dining this period of calm and seionity 
the tHermometei pieseives sensibly the same degree of cold until 
the inclination to the veitical becomes 30° or 36°) beyond this 
limit the temperatuie of the tlieimometei approaches that of the 
atmospheie, and only diffeis from it by a small fi action of a 
degiee when the a\is of the lecipient is bi ought into the hori- 
zontal position 

The law of the piopoitionalitj of heat to the sine of the 
angle fbimed by the ladiiuith the noiinal to the element of 
the I'adxating suiface, led Fouuer to the consequence tliat calo- 
rific ladiation does not pioceed solely from the suiface of bodies, 
but alao fiom a ceitaiu depth; a icsult which followed most 
cl early fiom the diiect obseivations of Leslie and Ilumford, 

To verify this fact i datively to nocturnal ladintion, pi opal c 
two tliermomcteis with coiks, so that one may have its avniiitui’e 
painted with only a single coat of vaimsh, the other nith eight 
oi ten } and after having exposed the two iiibtrumeiits to the free 
air during the night, or still better in their open coaicnl veesds, 
it will be seen that the flist constantly maintains itself higher 
tban th.e second. At 7 o’clock In the evening on the 19th of 
September I placed on my terrace two of these varnished tlicr- 
imometers, and a thud whose armatme was polished. One hour 
aflei wards the three instruments indicated 
tbe first indicatidh being that of the metallic surface, the second 
tbat of the suiface coveied with only a single coat of varnish, 
and the thud that of tho surface which had ten coats of the same 
substance superimposed. The tliermomcters, when observed at 
£> o’clock, gave 18'’'2, 17°’7, 14°'8. We hence conclude that 

3i2 
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here, aa m the expeiiments of Leslie and Runifoul, a poition of 
the indmtion nhich produces the coohng of the thcimomctcis 
aiises from points situated at a ceitain depth below the suiface 

This pi opeity of heat, Inch leveah itself dining the tians*-" 
foiraation of oiclinaiy heat into ladiatin^^ heat, peifcctly accounts 
for a pheenomenon iihicli some obsciveis considm sutticient to 
completely oveitlnow the theoiy of Wells as to the ioimation ot 
de^\ It IS i^eneially seen at the picscnt day, that, according tq 
the English philosophei dew is a ncccssiuy consequence of noc 
tuinal ladiations which give use, m plants and other bodies 
exposed to the fiee an, to the coolm^ ncccssaiy to piccipitate 
the tianspiiciit and invisible aqueous vapoui pcivadmg the 
atmosphere Non if wc admit as tiuc the tendency of bodies to 
become coldei undei a scicne sky, say the ndvoisanes of Wella^ 
theoiy this tendency mil be compensated by the heat of the 
sunounding an, cspecnlly when the body isiciy thin, and con 
sequcntly v^hoso mass is veiy small compaicd \Mih the extent of 
its suiface 

Thus the spiders^ i^ebs so piofuscly scalteicd in the countiy 
duung ceitain seasons ol the ycai can semoely descend below 
the simounding tempeiatme, and ought to lomnin sensibly diy 
duiing the hole night, and yet picciscly the opposite is ob 
seivedj since, othoi ciicumstances being the same, these little 
corpuscles aie moie abundantly batlicd m dei\ than any othoi 
substance But the objection implies an nbsohUc ignoiancc of 
the fact which mc have just mentioned, and of the elements of 
physics 

In fact, as the contact of the an talces place only at the sm 
face, and ladntion occuis not meiely at the smtace but also at 
points situated at a certain depth, bodies Inch ladmte to\^aul 9 
a clear sky during the night maybe compaied to u vessel lull ot 
watei the bottom of which is picicecl \Mtli a numbci of holes, 
whilst, io compensate the loss sustained, wc eaused to auivc, bj 
means of a second leoipient of the same foim and dimensions, 
water flowing ft om a single opening ol equal dmmt tei to one of the 
pi eceding, supposing it even the hugest of all 1 he w atci would 
enter without ceasing into thc\ cssel, and yet nevei thclogs the level 
of the liquid would necessaiily fall It is in <^lus mannei that 
the tempeiatme diminishes in a body ladialing tow aids the sky 
m spite of the heat communicated to it by the contact of the mr 

Suppose now that a given quantity of mattei is successively 
foimed into discs of laiger and laigci si/e and diminishing thick 
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nesSj the suiface of contact with the air certainly go on in- 
Cl easing 5 but the underlying stratum^ which fiecly ladiatcs its 
lieatj will increase in the same pxojjoitioii j so that ui first 
'sight it does not appear that aftci a certain interval of time 
t-liere would be any difference between the cooling of vciy thiii 
Ixodies and that of bodies having a certain Ihickiiess But a 
xnoment^s reflection is sufficient to convince om selves that the 
^^piders^ webs are moie apt to become cool than bodies of a laiger 
volume. In fact^ the tlneads of which these webs aic composed 
being excessively fine^ radiato J) all points of then massy and 
^receive but httle or no heat fioin the stems, leaves oi earth by 
which they aie auppoitcd'*^, foi the couductibility, being in the 
inverse i atio of the diameters, becomes sensibly nothing for cylin- 
dcis of extieme thinness. Therefore the nocturnal cooling of a 
spider^s web will be quicker and moie intense than that of other 
bodies i and since, according to the hypothesis adopted, dew 
depends on the degree of cold produced, the abundance of it on 
spiders^ webs is favouiable, and not the contiaiy, to the theory 
of Wells; and those who pictencl to find in it so formidable an 
objection to the ideas leceived m science, only show then inca- 
pacity to judge soundly of such scientific questions. 

We shall picsently sec analogous conclusions fiom other facts 
and other obseivations, winch these incompetent judges regard 
as contiary to the explanation of dew founded on the principle 
of nocturnal radiation But let us for the piescnt rcmaik, that, 
according to this principle, the cooling of bodies miistnecessmily 
precede the prccipitahon of dew on their surfaces. This fundn- 
mental pioposition of Wells^ principle may be easily demon- 
abated by means of our apparatus, 

It IS, in fact, sufficient to expose to the fiee air two of the 
conical vessels of tin-plate which wc have described, one of which 
contains a thermometci aimed wnth polished metal, and the 
other a theimoineter armed with varnished metal. The thermo- 
meters in the closed vessel wdll both indicate the same tempera- 
tuie, but if the coveis be taken off, and after having verified the 
fact aheady mentioned of the immobility of the metallic tlievmo- 
meter and the faU of the varnished one, wc observe attentively the 
surface of the latter instrument, it will be seen to be at first very 
brilliant, then slightly clouded, afterwards moie and moie dull, 
and finally covered witli drops of dcNV. Every other radiating 

* Tliero must be a mislnkc hoie, citiici ui the ouginal lluUnn m the riciKjh 
tiaiislatlon. — [Tn, N ] 
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subst'ince will piesent analogous phienom< na^ ioi example;, ass 
placed, as befoie dcscubed, on the bottom of the vessel 

Ihe compaiison of what tal cs place with leaves of gold, silvci 
01 coppei, cut into stups of the same si/c as the glass, and 
supei posed m the same way lound the metallic aimatmc of l)ie 
theimometer, becomes then^ei^ intciesting and decisive, foi 
in this Inttei case thcic is ik\ci uthci cold oi clow, in the 
formei, on the contiaiy, the clew nthci docs not show itself at 
all, 01 is alwajs deposited afLu ihe thcimomctu has indicated n 
fall of some dcgices below the icmpciatuie of the an fhc m 
teival between the cooling indicated by the thcimometci and Lho 
piecipitation of the dew is alw ays vciy sensible even in the most 
humid wcathei it fiequcntly amounts to one oi tw o houis when 
the atmospheie has its mean dcgiec of moistmc, and in pcuods 
of gieat dijnoss the gi las icmnins diy cUuinj^ the whole ol the 
night Wee m also pioducc at w ill one oi oihci of these phases, 
and icndci longei oi shoitu themteivil of time between the 
indication of cooling by the tlicimoinetci and the aiipoaiancc of 
dew, by cxpciimcnting at gicatci oi less elevations abo\e the 
level of the gioimd, on ten arcs and loofs ol diffeiciU heights 
ioi instance, foi dunlin, calm and cloai nj^^hls the nioibtmc of 
ihe atmospheie mcicises lapidly in nppi caching the caith s sin 
face, in consequence of cciiam actions and iu\( lions of tcmponi 
tme between plants and the Buuouudiiig an, which we shall 
picsontly examine 

We have picviously said that the expenmonts of Wells and 
othcis do not give the value sought of the cold piocluced by 
the ladiation of a given substance, because the thcimomctcis 
used by these obsciveia having Ihcu smfaco of glass and being 
placed at difTeient heights, wc cannot deduce fiom then mchea 
tions the tine tempeiatmc of the stmium of an m winch the 
radiating body was plunged 

In fact, om theimomcteis with moialho lumatuics in contact 
with any substance bang compaicd with a ihcimomctei of the 
same natuie isolated m its conical vessel, have inchcatcd to us 
dcgiees of cooling veiy much mfeiioi to those lesulting fiom the 
experiments of Wells, and ncvcitheless the xccipients which 
suriounded these ihcimomctexs incieascfl by leflexion and by 
the calm of the enclosed an, the laclntion. of the bocHes towards 
the sky If these lecipients be taken away, the diffoionccs of 
tempeiatuic betome still less, as lesults clcaily from ihe follow 
mg senes of obsenations — * 
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Name of radiating body 

Tcmpcinturcs 

DhfercnccB 

Of the body 

Of the air 



- 0 . 


Lamp black 

111 

K) 1 

13 

Vaiiush , • . ♦ 

MO 

If) d 

1 3 

Gln^s 

Ul 

15 3 

12 

Plumbago . 

MO 

15 1 

1 1 


The emissive powei of lamp-black, which has sliown itself 
heie, as elsewheie, to be one of the moat lacliating bodies, Ima 
been aftei wards measured under many othei cncumstances j for 
to each apparatus used in the cxpeiiments wcic added always a 
couple of flee thcimometers, one with metallic ai mature, the 
othei with blackened ainmtiue, and the diffetonce between tliese 
two instruments never sui passed 1°'8, whatever were the cleai- 
ness of the sky and the calm of the atmosphere. 

There aio nevertheless cases wheie a body fiecly suspended 
may fall 4^ or 5*^ below the temperature of the surrounding air. 
In fact, the tcmperafcuie of a thermometer enveloped in wool or 
cotton is aluays moie or less infciior to that of a blackened 
thermometci. But this excess of cold by no means results from 
a supeiionty of emissive power in wool oi cotton above that of 
lamp-black ^ and to convince oui selves of this, it is sufficient to 
compare the effects of diffeient thermometers clothed with tufts 
of cotton or wool more or less compact, and with tissues inoie 
01 less fine and haiiy, of the same substances uncolouicd. 

In the following table will be found collected the experimental 
data necessary for making these compausons . — 


nopmsiou holow the tctiipcraturo 
uf BurioiuuUng air 

l<iret 

Second 

llilrd 

scrioa 

Hc float 

scnca 

8^8 

. 

4^5 


20 

84 

87 

25 

82 

20 

1 9 

22 

24 

31 

8(1 

38 

25 

80 

82 

20 

23 

2 5 


2 1 

T 

2'8 


Knvelope of thermometer 


Cotton, carded andlooso, 6 ccntimotics ni diametci, 1 
iiiduding the rcsuvoir ol the tUormomctei ... j 
The Same quantity ot cotton reduced to 2 centl - 1 
wottes, wuh siK lonmls ot cotton thrond » ♦* j 

Cotton cloth, commonly called jOwf/ian 

Fine cloth of cottod doubled , 

Wool, carded and loose, 6 ccnllmetics m dmmotei,! 

including the bulb of the thermometer . j 
The same quantity of \\ ool i educed to 2 ccntimcu^cs, \ 
with six turns ^ woollen thread , J 

Thick tlanucl , , . 

Finer ilauncl , 


^‘Cfutou” ui tho Fiencli — evidently inispiidt for ^'cotoa. 
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IhuS;, bet^^een the limits of these obseivations the cold becomes 
gieatei m piopoition as the cotton 'ln(l^^ool ^^hich envelope the 
tliermometei become less dense and moie voluminous Now if 
the action increases in piopoilion as the mftttci is less dense, 
the cause of the excess of cold obseived evidently does not lie in 
the emissive oi ladiating powci of tins rnattci Whence miscs 
then the fiigorihc supeiioiitj of woo! and of cotton compaicd to 
lamp blacl ? The solution of the question will become simplci 
if we examine the diffeicnt cncumstanccs which concui in the 
foi matron of the dew in meadows 

And enteiing now on the investigation of this inteicsting 
phtenomcnon, let us in the fiist place call to imnd that the ginsa 
and kinds of eaith and s iwduat xuUoduced into oiu open \e88els 
weie cooled neaily as much as lamp black in povxdci, and tbut 
a ficc theimometei coated with this lattei substaiKO docs not 
descend moie than 1 8 below the tcmpciatuic of the an 

But il wc wish to nssine om selves diioctly that nocUnmil 
ladntion loweis the tcmpciatiuo of the vegetables which covci 
tile soil, we have only to place, dining cairn and clcai nights, 
one of oui thcimomctcis snppoiled by its metallic tupod, m 
contact with the imdei sin face of the glass oi leaves of any 
plant, loi it the instillment be then obsened, it will be con 
stall tly found lowci than a theimometer with metallic aimutmc 
liccly suspended alongside of it m the same hoiizontal igtiatuni 
of the atmosphoie But the diflfucnco between the two theuno 
mcteis will novel exceed 2®, whatevci be tlic vigoui and isolation 
of the plant And the feebleness of iho acUon manifested must 
not be attnbuted to the small mass of the leal compnicd to the 
mass of the appaiatus, foi thcimomelcis of vciy small si/e may 
be employed, of cyhndiical oi spheucal foun, of gicntei oi leas 
degrees of thinness oi flattening, without any sensible vaimiion 
of the final tempei ituie indicated, although the calouhc cqudi 
biiiim IS the moie speedily established the Bniallci the icservou 
of the theiraomcioi, as might be easily foicsccn Now t\m fact, 
whilst completely lomoving all doubts of tlu tiutli of Wells* 
punciplc as to the noctuinal ladiation of bodies, leads neccs 
saiily to the considciation of the thcoiy of dew iinclci a diffcient 
aspect to that generally taken by wuteia on physics 
In oulei to mcui no euoi by geneial allusions, let us tiiko a 
pniticiilu example chosen horn one of the best modem ticaiiSes 
In the lust edition of the luiiU do Phystqne of Rt Voiullct 
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"vve read the following For dew, it ia aiifflcient to xemaik, 
that the tempeiatuie of the air being, for example, 15° at a eer- 
t ain period of the night, there b ill be bodies at 14°, others at 13°, 
iftnd the moat radiating M^ill even be at f and 6° or 5° if suitably 
situated- Then if the air is very moist, that is if the dow-point 
is near 15°j nearly all the bodies will have clew upon them, iho 
xvaimest in small quantity, and the colder in greater propoi lion. 
If the air is less humid, if, suppose, the dew-pomt is at 10°, 
those bodies which aie highci than 10° will remain dry, those . 
at less than 10° will be moie oi less coveied with clew. Lastly, 

the air is exticmely diy, if the dew-point is below 5°, all the 
Tbodies xvill lemain dry, the coldest as well as the narmest/^ 
-After the evpeiiments and cc.nsiclcrations pieceding, it docs not 
appeal’* to me to be any longci allowable to say that plants and 
bodies oidinanly moistened by dew aie cooled 8° and 10° below 
the teinperatme of the air. Tho observations of Wells, Wilson 
and Pouillet are accuiate, and certain bodies placed near the 
suiface of the eaith may indeed descend 8° oi 10° below u 
theimoiTietei situated at a height of 4 or 5 feet; but we cannot 
conclude fiom these obseivations that the diftcrenccs obtained 
indicate the depression of temperature of the radiating body 
below the medium in which it is plunged; foi the nocturnal 
cold of vegetable leaves, as we have just said, docs not exceed 
the 2*°^ of the Centigiade thcrmometei, and is therefmo four or 
five times less than the cold admitted in woiks on physics and 
meteoiology. 

Tins gieat reduction in the difference of temperatiuc between 
the air nncl the ladiating bodies by no means implies that tlie 
X^rmciple of the condensation of atmospheiic vapour in conse- 
quence of simple nocluinal radiations is ei ion cons ; and to prove 
itj the following observation of Saussure is sufficient, which I 
have several tunes had occasion to veiify in the course of my 
TiumerovLs lesearches. When the clew begins to appear, the 
liQir-hygromctei introduced into the stratum of air contiguous to 
the soil marks from 90° to 98°, Hence the suriounding space 
is very nearly in a state of saturation; consequently it is not 
necessaiy that plants and bodies of all kinds situated near the 
^surface of the eavth should attain any veiy great degree of cold 
in 01 del to precipitate the aqueous vapour; but the cooling of 
1°^ oi 2^5 acquiicd by plants under the influence of a clear sky, 
feeble as it is compaiccl to the 8° oi XU° hithcito supposed, will 
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suffice to condense on the leaves a poition of the elastic and in 
visible vapoui ^\hich peivades the suiiouiuling an 

It must bu added, that the hypothesis of cooling fiom 1 to 10^ 
accouhng to the position of the body leads diicctly to the con-v 
sequence admitted by M Pouillet himself, namely, that in many 
cases wheiG the atmospheiic moisluio is but little ccilain plants 
ought to be coveied \Mth dew, and otlicis pieseive then habitual 
state of dijncbs and those who hive hid occasion to cioss the 
fields when the sun is below the hoii/on will no doubt have ic 
maikcd that theie is absolutely no dew, oi else it is found distii 
buted in ncaily equal pi opoi turns on all low plants, wlmtcici be 
the position ol then loaves uithicgaid to the sky Now the 
fact of an absolute absence of dew oi of its gcnei al clifTusioii m 
a scues of sm faces situated at all soita of inclinations, nuliLates 
cleaily that the liypothesis of an c\tieme humidity of the an is 
tlic only one which has place in natme when thcio is n loi maiion 
of dew And the cause of this fact, which k suit's so evidently 
fiom the piescncc ol dew on all low plants as well as horn hy 
giomctucobacivations, IS connccled, it I am not mi-»Uil en, with 
anothei tact, which has long been known to plulosopheis, but 
winch has hitherto icmaincd isolated in science, in spite ot its 
gicat impoitancc in phenomena of noctuimil ladmtion 

Wilson was tlie fust to show that the effect of the ladiation 
of bodies tow aids the sky is sensibly the same at all tcmpoiatuics , 
so that in nights equ dly calm and soiene, the same substance is 
alviays cooled to the same extent w hatcvci maybe the tcmpcia 
tmo of the atmospheic 

Snow, for instance, would, accouhng to the cxpeiimcuis of 
Pauy and ot Scousby, bo cooled by about 9°, when the tom 
poiatme of the air descends to — ox to --2 , oi to — 21°, oi 
to —22^^ so that the bulb ot a ihcimometer intioducod into the 
fiist layei of the snow mantle which covois llie soil ol tlic noith 
cm regions during tho greatest pint of the yetn would maik 
*-10 01 — 1 1 m tho fust case, and —30° oi — 31° in the second 
I have nevei as yet found myself in cn cumstaiices favoui able to tho 
'Nciificationof the obsei\ation8 ot these twocclcbiaUU navigatois, 
but I have been able to convince myself of the tiuth of the pun 
Ciple of Wilson, by cxpeiuncntmg with thci mometci b eunounded 
with ladiftting substances, in the same mannci m M Poinllct 
lua done Ne^cithclcss as the mean values obtained by me do 
not compuse so cUeiided a lange of tcmpeiatuie tie that cm 
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braced by tlie beautiful experiments of M. Pouillctj I ahnil bring 
foTWftvd Iris senes of obseiyations, which will serve us as a 
startinar-point in conceiving cleai-ly how it haiipcna that the 
'fetiatum of air situated neai the eai Ill’s suifaee always clcscencTs 
nearly to the point of greatest moisture bcfoie the dew begins 

° Thesrobseivatioris, inscited at page CIO of the second volume 
of hia 'Zh’aiti de Physique (4th edition), have refcioncc to the 
cold produced by the radiation of swansdown, suitably isolated 
by ttiecms of an appaiatus which the author designates by the 
naine of aciinomeie} * 

Putting aside eveiything superfluous to the object with uluch 
we are at piesent occupied, u^c shall have the iwo i educed tables 
Iiere placed by the side of each other i — 


Ta&le of Nocturnal Cooling binder diferent T(imj>eratures 
of the Ah. 



The data contained in these two tables prove that swansdown 
is cooled about 7^ (mean value) undci the noctmnal influence of 
SI clear sl<y, whSther the temporatuie of the an fall to nearly 
zeio or use to 20^ or moie degrees. 

It is almost needless to add, that the observations of M. 
Pouillet, and tbe deteimination by Parry and Scorcsby of the 
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nocturnal cooling of snovv^ have been obtained by a method 
'which we believe to be maccuiate, m consequence of the unequal 
cncumstanccs m which the theimomcteis used to ineasiue the 
tcmpeiatures of the an and of the ladmting bodies wcic placed 
If piopeily measiued the cooling of the snow and of the swans 
down would ceitamly be lessj but it mnttcis little what the 
absolute ^alue is heie^ since wl aic only consideiing the con 
stancy of the effect undei vauations of atmospheue tempcintiue 
Iheiesults which we have announced piove theiefoie thcliuth 
of the pioposition above asseitcd nainclyj, that a body e:ijmsed 
du) ing the night to the znjluence of a sky of equal deal ness and 
calnness is always coolul to the same extent^ whaitver may be 
the ienipe) aim t of the an 

This fact alone^ tlioloughly estabhahed by expei i men wilt 
lead us to a cleai and complete explanation of all the phoino 
mena which pieccde and accompany the loimatiou of dew 



Abtiolb XIII. 

,On the Excitation and Action of Dumagnetim according to the 
Laws of Induced Cur) ents. By Piof. W. Wuiucnt. 

[Fiom Poggendorff'a Animloii, Jan. 7( 18 IH ] 

The repulsion of bismutli by a magnet, first observed by Bnig^ 
mans in bad lemained almost unknown until l^uuulay c1js« 

covered it anew and examined it more carefully, and iluiH laid llic 
foundation for the new doctiine of ibamagnctism^ the further 
development of which has become an important physical pi 
blem« To solve tins question little can bo expected liom. the 
moie delicate processes of mcasuiemcnt, owing to the feeblcnosB 
of the diamagnetic foi*ccs of bodies, even when very powerful 
electro-magnets act upon them, and it is ihcvcfoie the more lo 
be expected that we shall become acquainted viih the nature of 
diamagnetism from the various modtfications of its cllbcts, the 
discoveiy of which is possible even in the case of the most feeble 
foices. The object of the following experiments is to establisli 
with gi eater ceitninty and precision, fromfsome peculiai modi- 
fications of the diamagnetic effects, a hypothesis already ad- 
vanced by Faraday to explain the diamagnetic phenomena, and 
then to deduce this hypothesis icquiied for the explanation of 
diamagnetic x^hcenomena from known laws. 


Diamagnetic bismuth repels both the north and sontli polo of 
a magnet, and is repelled by them. This tmbffvrenl ro|)ulHion 
of opposite poles might appear of little unjiortanco il' tlic origin 
of the magnetic foice were lo be sought for in the unvarying 
metallic pai tidies of the bismuth itself; foiMvo are uocustonicd to 
assume generally of the ponderable bodies that they oppose 
without distinction equal resistance to the movements both of 
the two opposite magnetic as well as of the two elcclric (luids^ 
But the action at a distance miglit appear more surprising than 
this indifferent effect, wcicuc to admit that tlie diainagnctic 
foice has its origin in the unvarying metallic pai tides of the 
bismuth Itself, because it would bo the first ease in which the 
action of a ponderable upon an impondciabic body at a distance 
had been observed. It appears therefore above all things im- 
♦ Tianslatcil by W, Fuincis, Pli I) , PJ, S, 
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polhnt to decide the question, \^hahei the somce of the dm 
magnetic foice acting at a distance is to be found in the unvaiying 
pondciablc constituents of bodies oi whcthei it aiiscs fiom an 
impondoablt constituent, and is connected with a ccitam 
hiUton theicof 

lo decide this question the cxpciiment made by M llcich* 
la of the highest impoifcancc accoiding to which both noitli and 
south poles when they act at the same time on the same side 
of a piece of bisrnudi, by no means icpcl it with the sum of 
the foiccs which they would individually evcit, but only with 
the difteicnce of these foices 

Piom this single cxpoiiment it might be concluded AMth the 
gieatest piobabihty, tint the ougm ol the diamagnetic foice is 
not to be sought foi in the nevei changing metallic paiticles 
of the bismuth but m an impondeiabh constituent moving be 
tween tlicm, which, on the appioach of the pole of a ma^^net, is 
displaced and distiibutcd difleicntly accouling to the diffeience 
of this pole Ihc oiigin of the diamagnetic loice is thus placed 
in the lecipiocal action of two impondcinblc bodies instead of 
in the iccipiocal action between pondeiablc and impondoiablc 
bodies at a distance, and the smuhn effect upon opposite poles 
IS then explained by the diffcunt diatubution of the impon 
dcuible constituent in the bismiitli which is pioduced by the 
antiiliesis of the poles 1 he simultaneous appioach of Iw o oppo 
site poles on the same side must howovei Imvc ioi lesult, that 
the impondeiablc constituent in the bismuth can ncithci assume 
the one oi the othci distiibution upon which depends the ap 
peaiance of the diamagnetic foice, whence the disappemance of 
the diamagnetic foice lu this case is self evident 

But if it be now fuibhci asl cd, what la the imtuic of the im 
pondeiable constituent which is distiibutcd m such adiflcicnt 
mannei in the bismuth on the appioach of anoith oi foouth pole, 
and then with this distiibution constantly ic acts with a icpul 
sive foice upon the appioaclied pole, thcic piescnt themsches 
only the two magnetic fluids, oi the two clectue fluids in the 
foim of moleculai cm rents At all events, before any other 
assumption can appem admissible, the impossibility of explain 
ing the pha-nomena in question by the knowi’^ielaiions of the 
above impondcnbles must be shown 

Fiom this it will be seen that Kcieh^s expenment may be 
^ 1 lulasoplucnl Magazine foi 1 obruniy 1810 p 1*^7 
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employed to establisli moie fiimly a view alieacly advanced by 
Faraday (Expenmental Bcseaiches^ Ait 2129^ 2130) Faiaday 
theie states that “'rhtoietieally, an evphnaUon of the movements 
«f the diamagnetic bodies, and all the dynamic phenomena consc 
quent upon the actions of magnets on them, might be ofieied in the 
supposition that magnetic induction caused in them a conti ny 
state to that winch it pioduced in magnetic mattci , i e that it 
apaifcicle of each kind of maitei \^eic placed m the magnetic 
field both would become magnetic, and each ^^oukl have its 
axis paiallel to the icsultant of magnetic foicc passing tlnough 
it, but the paiticle of magnetic mattci \iould have its noiih and 
south poles opposite, oi facing tow aids the contiaiy poles ot the 
inducing magnet, wheieas with the diamagnetic pai tides the 
icveise Mould be the case, and hence vioulcl lesult appioxima- 
tion in the one substance, leoession in the othei 

Upon Ampere^s theoiy, this view would be equivalent to the 
supposition, that as cuiients aic induced m non and magnetics 
paiallel to those ousting m the inducing magnet oi batteiy ^Yno, 
so in bismuth, heavy glass and diamagnetic bodies, the cuuenis 
induced aie in the contiaiy duection This would make the 
cuuents in dnmagnctics the same m dncction as those which 
aie inducctl in diamagnetic conductois at the commenoemmt of 
the inducing cuiient, and those m magnetic bodies the same as 
those pioduced at the cessation of the same inducing cuuent 
No difficulty w ould occiu ns lespects non conducting magnetic 
and diamagnetic substances, because the hypothetical cuuents 
me supposed to exist not in the mass, but lound tlie pai tides 
of the mattei 

I shall now submit this ingenious view, fiist pioposed by 
Faiaday, and whidi has obtained gicatei piobabihty lioin lleich^ 
expeument, to a still moic clncct cuticism by the following ex 
peumonts, which, in my opinion, scuicdy leave a doubt of Us 
coiiectness 

All the diamagnetic foiccs lutheito obscivcd have exhibited a 
lepulslve, nevei an atti active action, but fiom haiaclay^s assump- 
tion, it folloM s that diamagnetic foices must likewise occiu which 
act ati’i actively upon the pole of a magnet, and such cases may 
easily be detcimlned moie accuiately and tested by expeument 

But foi this puipose we must not obscivc the foico whioli 
the diamagnetic bismuth cxeits upon that pole by which it has 
been lendeied diamagnetic, but those forces which this bismuth 
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exerts upon othci magnet poles at a distance^ and uhich have 
no influence upon its diamagnetic condition 

Now if a piece of bismuth is placed in the plane u Inch is bi 
sected at light angles by a small magnet needle suspended by a 
silk thiead and symmetiically magnctizccb it is evident that tlie 
poles of the small needle can haic no influence, oi at least no 
peiceptible influence, upon the diamagnetic slate of the distant 
piece of bismuth, accoiding to Roich^s c\peuincnt In fact it 
is easily seen that the needle cxpciiences not the slightest dcfltc 
tion by the bismuth 

Butifue aiiange a powciful hoisc shoe magnet of non, so 
that the locality pieviously occupied by the bismuth is situated 
in the flee space between its two poles, and the magnet is at the 
same time bi ought into such a position that its magnetic ums 
piolongcd bisects the needle this po^^elful magnet Mill cvcifc n 
^Clygleat momentum of loLation upon the needle But i( this 
lotatoiy action excited by the hoisc shoe inn^nei is compen 
sated by anothei cquallj powciful but opposite lotatoiy action 
ofabai magnet bi ought to bcai upon the needle fiom tho op 
positc side, Mc can cause the needle to ic assume its oiignial jiosi 
tion and its oiigmal vbiatoiy powci (sensitiveness), so that with 
1 espect to the needle it is just the same as if no magnet acted 
upon it 

Now if, aftei these pi eliminaij anangomenis, the same piece 
of bismuth which pieviously had no action upon ilie nccdli la 
biought to the same position as befoic, t o between llio two 
poles of the hoisc shoe m ignct, a vcij peiceptible and measiunble 
effect IS exhibited, vu a deflection of the needle, owing to one 
pole being lepellcd and the othci attiactcd 

If the poles of the magnets, the effects of which upon the 
needle me compensated, be icveiscd, and the expciimcnt le 
peated, it is found that the same piece of bismuth bi ought to 
the same spot and m the vciy same position, now piodueca c\ 
actly the opposite deflection 

If, lastly, a piece of non is substituted foi the bismuth, it la 
found that the deflection pioduced by the lattci is the opposite 
of that pioduced by the foimci 

These expeiiments may be vniiously modifV'd, but in cvciy 
case the foice of the bismuth must be ob&cived upon otbei inngi- 
net poles than that which detexmmes the diarnngneiic condition 
of the bismuth, they all confiim the asset tion that bismufh 
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tronstantly acts upoa such poles in un opposite inanuor to iron 
in its place, that it consequcntJy lepcls uhoro iron attracts, 
and attracts uliere non lepels^ in shoit, that at other magnet-^ 
poles than that ^\hlch diamagnelizcs the bisinutlj, \vc as fre- 
quently obseive attiactive as repulsive forces ol the bismuth. 
3?or instance, if the one cxhemity of the bar of hisniutli was 
brought neai the noitli end of a powerful magnet, while its oLlicr 
extiemity was appi cached to the noith cud of the nmgncUnccdlo, 
the lattei was attiactedj but if the same cvUcuiiiy of the bar of 
bismuth was bi ought near to the soutli end of the ])owcrfnI 
xnagnet, the noith end of the magnet-nccdlc was lepclled by Iho 
obhei evticmity of the bai of bismuth approached to it. 

We may hence regard Fnruday^s supposition ns proved, at 
least zn so far as it places the oiigln of the dianiagiiclic force, not 
in the unvarying metallic paiticlcs of the bismuth itself^ but in 
Ei variable distribution whicli occurs in the bismuth, and acts 
upon other magnets in the same manner as a dcduiLc dmtribu- 
tion of magnetic fluids. 


In oidei, lastly, to lemove cverj doubt as to its being loally 
nothing else than the magnetic fluids, or their ccjuivalcni, Am- 
peze s cunents, vluch aic subject to tins variable disinlmiuni in 
the bismuth, it may be lequued to be shown by cxpeilmoul, not 
rneiely that the effects connected zvith thc;;rmvmc of the dia- 
magnetic and of n ceitam magnetic state aic ef|uul, but hkeuim^ 
that the effects connected with the oiujin of the two statos me so. 

tt is we l known that, according io the laun of iiulucLiim 
chsqoveied by Faiaday, the motion of the magiu-lic fluids in a 
body, Ol the lotation of the molecular cuuents ()fAml)^lo,iH 
connected with an electrical action at a (lislau<‘c upon neigh- 
bomn,g conductors, owing to Avhioh an electric cuuent is L- 
cited Ol induced in the latter. 


Consequently, if the two magnetic flimls, oi Iheii- equivalents, 
A.mphe s cuirents, are leally piescnt in the (linmngnctic bodies 

they must induce an electric current in a 
neighhouiing conductor at the moment this cluuigc takcH place. 
Now to obsci VO this induced ciuTcnt itself, it is requisite that 

y the poweiful magnet to which the bar of bismuth is nn 
proaohed. For tins |mrposo Ihoraforo tho foreo of IW« monMl 

2 K 
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sxipposcs in an clcciio m^ignct a constant galvanic cuiiont Hut 
on the othex lnndj> the conductoi upon ^vliich tlic* bismuth 

15 to act must have a fixed immutable position to that magnot, 
so that it incloses the space m ui annului foim, in s’! Inch the 
bai of bismuth has to be biought m oidei to piocliicu lu it the 
diamigncUc distiibution by the influence of the magnet Hint, 
lastly, the cuiient induced by the bismuth can be ob'seivcd by 
continuing the two cxtiemities o( the above annuhu contlucioi, 
and connecting thorn uith the cuds of the multipliei of a sciisi 
tive galvanometci, icquues no luilhu explanation 

But \uth icspccl to the pouei of this cuiient inclncccl by the 
bai of bismuth, it may leadily be estimated a puoii how small 
it mil be if we considei how fc eble the diamagnetic foxces aic lu 
compsiison to the magnetic loices of the non aubstitulcd feu the 
bismuth On finthei c\ immation, it icsults that the mttiu i (1 cm 
1 ent must be so fc eble that it can no longei be obsci vc el if all the 
conditions do not act lOj^elhei most favoiuably foi tlic, object 

fllio following aiiangcmcnts ucie made to attain thiB end, v ]7 
to induce (/alvanic cmient^ tn a nciyhhoming condiido) hy the 
dimnayndi ation of the hiwmih^ and thus aclmlJii to obeave the 
inducul cm Hnh An non nucleus 000 niillimctics in Uiigtb, 
coated scveiul tunes with thick coppci w no, was used ns ehetio 
magnet lo the cuculai teiminal smlacc, 50 nnlbmctus in 
(hamelci, of tins non nucleus was fixed tlic nnnulai oandiictoi, 
which consisted of coppei w uc 300 meties loiij, and ^ nullimcUi s 
thicl , well spun with silk and coiled upon wooden cylindeis 
Ihe space mcluded m this innuhu conductoi in which tlio bfti 
of bisrauih was to be placed, was 140 millmieties m length and 

16 millimeties m bicadth, the bai of pmc piecipitalcd bismuth 
was somewhat thinnei Ihe cxticimtics ol the anixului con 
ductoi weie connected with a conimiitaioi, as wgh also the 
extiemitics of the multiplici of a vciy sensitive galv tuiomclci 
the magnet needle of which was pi ovidcd with a miuoi in whuh 
the image of the distant scale was obseivcd by a telescope di 
iccted tow aids it Ihc gulvanomctci was moieovei piovidcd 
with so effcctuc a dampci that it was scaicdy possible to ob 
sei VC any vibiatiou of the needle 

Now whilst a vciy poweiful and constant galvanic cuiient 
passed tluougli the thick wiic of the clccUo magncl> the bai of 
bismuth was withdiawn fiom the unnulai conductoi in which it 
w as situated, the commutatoi changed, and the bai of bismuth 
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again insoitcd, tlio coinmulator again changed, nnd llie bni' 
of bismuth withdrawn, &c. Duinig tins oviieiimcuC, non- 
turned for about 1 minute, the state ol Uic galvauoinc'lcr n us i cad 
" off at inteivnls of about 10 seconds, 

A second series of cxpciimenis was now' made, but with tins 
difference, that the commutatoi assumed that iiosition on wdli- 
diawing the bai of bismuth winch it had occupied ju the fiist 
senes on inserting the bismuth, nnd vice vend. 

The thud senes was an acciirato repetition o( the tiral, and so 
foith. 

Pievious to coinraencing eacli series the slate of the gHlvitiin- 
meter ivas observed, without howovci wailing until (Iio iiceiUii 
hiid atlaiucd a perfect state of rest. ISucIi scries W'us begun by 
w'lthdinw’ing the bismuth. 

Tn tile following table the whole of ihe readings made on tlio 
galvanometer are arianged together. 'J’hc dilFcreiit Horio.s are 
clistinguislied by Homan numbers; the two states of the com- 
mutator which occniicd m the diffcicnt sciies on tlio witiidniwnl 
of the bai of bismulli aic distmguislicd m the heading by A and 
The state of the galvanometer before oonimcnciug eiicli 
eeucs IS also noticed in the heading. 


I w 
.'5J2'3 

11 n. 

517 '1 

in J 
5150 

jv n 

517*2 

V ./ 
517 0 

VI R 
523 0 

VII wA 
52 1 7 

B bRB 

513 0 

510 5 

517 1 

518 2 

522 0 

520-0 

m BU 

612'9 

520 7 

517 5 

518 7 

510 0 

52N 0 

Km 

5123 

510 1 

510 2 

6^'t n 

518 5 

5,H) 0 

r>H 3 

5M’2 

510 2 

510 7 

525 1 

510-0 

5,1 0 r 

616 0 

515 2 

5183 

517 7 

523 0 

521 0 

5,01 0 

6107 

51(1 0 

015 5 


— 


528 5 

OM 02 

SH 02 

618 72 

1 517-01 

522 00 

510*00 

52H-87 


Now if w'c coinpaic the states of tlic galvanometer in the otid 
alternate senes, where the commulalfir oceupicil (ho posh ion A 
on withdrawing the bismuth from the annular conductor, with 
the mean value in the bottom line, it us accu lliiit the latter is 
always soinow'hat yrcfder. For inslunco, the mean values nro — 

i Series 614'92=:.5I2'3-|-2‘G3 

a. „ 618-72=5l.')*a + 2'82 

5. „ 022'00=517‘04-.5-00 

7 . « ^i28*87 = .'52'l‘7+4'17 
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The S'lme compaiisoti yields foi the even seiics, whcio the 
commutatoi occupied the po'^ition B on lemovin^^ the bismuth 
fiom the nnnulax conductoi, always a somewhat smallci incai\ 
value 

2 Senes 514 02=^517 1-3 18 

4 , 517 01=1517 2'--0 IG 

6 510 90=; )23 0-8 10 

It should be home in mind that the state of the giilvanoinclci 
obsei ved befoie the com men cement ol each senes was not ev 
actly that of icst lo avoid the imceitainty iiusing liom tliis^ 
the leading made pievious to each senes may be wholly escluciGcl 
fiom the calculation^ and the compnuson icstiutcd to the mciin 
values of the seveial senes Ihc companson of the menu value 
of the 2nd to the 6th senes^ with the menu fiom the immediately 
pieceding and succeeding soiics, then gucs the following le 
suits — 

2 Senes 51 1 02=:51 6 82-2 80 

3 , 518 72=:5ir) 51 hUO 

i > 51701:= ;208G-3 ^2 

5 „ 52^00=518 17 1-3 5 5 

6 , 619 90«52 18-6 53 

We see then also fiom this tint in the uiu ven seius m wlucli 
the commutatoi occupied the position A while the bismuth Mas 
withdiawn fiom the aiinulai couducloi, tlio stale of the gal 
vanometei was constantly somewhat highci> and that ihcicvoiso 
occmied m the even senes m which the commutatoi had Iho 
position B on the lemoval of the bai ol bismuth Iho di( 
tei cnees aie somcwhatgiealei loi the last than foi IhcflisisoueS, 
which IS easily explained tiom ihc change oX mcUiction being 
giadually accelciated 

Couesponding expenmen ts weic now made foi the pin pose 
of diicct comp iiison^ the bai of bismuth being exchanged for a 
slendci bar of non Ihe induced cuucnt was then so powcilul 
that no lopetition could be made as m the case of the bistnuth> 
and that only the exlicme end of the non bai could be inseited 
m the annulai conductoi And even then ihc^induccd cuuent 
was so poweiful that the denation of the needle could not be 
obsei ved on the galvanometci^but meicly Iho ducction, whctlidi 
the position of the gdvanometer ^osG^^o went fiom luwu to 
highei divisions of the scale, oi the j excise 
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Fiist ExpeumenL 
Position of the comnmtatov A. 

, -increasing nnnibcyaon inseiUng the non bai lu Uu* nininltu' 
^^otiductor. 

■i^ect easing numbers on withdrawing the iron hiir (roixi tlu’ 
“Wriulni conductor 

Second ExperimoiL 
Position of the conimutntoi U. 

decreasing numbers on inserting the iion bur iii tho uutnihn 
Conductor. 

J?ic} easing numbn s on removing the iron bai (i oin llic im n ii liu* 
conductoi. 

1 be position of the commutator A, and the case in wlii( ii tin* 
bai was removed fiom the annular conductor, for whii-h 
consequently adflcreasein the deflection oftliegalvanoinctor \viin 
o Served, mil serve to compare this c\peiiuicnt inadc m illi iron 
mtli the foimcr lelativc lo bismuth. In the above c^ponnu'iHs 
with the bisiniiUi, this case corresponds to the uneven scricH, for 
milch o-highei stale of the galvanometer resulted Milli the in- 
duction continued in the same diiectioii. It lesiilU roiiHe 
qiiently that the bismuth induced a positive oiirreiil muler th« 
same conditions that mm imliiccd a negative one, and unr verstt, 

Ucnce liie induction of electric ciuienls by the diamtignc- 
tization of the bismuth m proved, and it is al the hiiiiic linir 
evident that the direction of these enrrenLH is eonslandy i)ii> 
level se of those induced by iron under the same ('uenmstuners, 
picoiicly as it should be if bismuth eonlaiiied magiiftic llnuls or 
theu' equivalent, Ampere's cunenls, uhioh aie set in iiuilitm or 
rotated under the miluencc of pouciful iiiagiiets m esnrlly mi 
opposite direction to that m mm. The view iidvanml by Fara- 
day nppeai’s tlieieforc to bo placed beyond all doiibl, 

No\y although a iiile has been found aocording lo wliioli llni 
variable diamagnetic coiidilions of bodies arc dulorinined for nil 
oases m such a manner that the collcefivc eflects nppcir as u 
necessary consequence according to magnetic and clectro-dymi- 
mic Inws, them of this rule remains still unknown and unox- 
plained accoiding to magnetic and clcotro-dynnmic iawa. For 
it magnetic fluids aic really contained m the diainagiiolic bodies, 
on the approach of a maguct-polo, the one ihiiil iimst ba nfc- 
Ixdctccl, the othei repelled j and the direction ol* the scpnration 
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of Lho iViO fluids \% accoiding to this, necessnuly detei mined by 
ni i^netic But this duection la exactly the leveiseof that 

stated in the above lule Exactly the same howevei, obtains 
upon the othei assumption^ which piesupposcs the cxiatenee of 
Ampucs moleculai cuiicnts in diamagnetic bodies instead of 
the mngnctic fluids, ubich on the appioach of a pole of a magnet 
should be lotated in a duection deteunmed by clcctio magnetic 
laws But this lotation is exactly the leveisc ol that indicated 
by the above iiile Xlieic exists consequently a contiadiction 
between the above iiile of evcitaiion and the laws of the aohmhj 
of the diima^netic condition Until this contiadieliou is ic 
moved, all the diamagnetic conditions of bodies coiitmuo to forpi 
a gionp of isolated faels without any connection \Mth othei phoc 
noiiuna just as those of lotation magnetism foimed a similar 
giouj) until laiaday gave the 1 cy to then solution by his dis 
coieiy of induction 

In tlu picoedmg obseuations which xefeued to the cfftch^ it 
MAS indifleient whcthci scpuiatc magiulic lliuda oi Ampeic^a 
moleculai cuucnts of the same ditcotion constitute the excited 
diamagnetic state of bodies line is no longei the case m tho 
following considci aliens which iclatc to the oausis i c to the 
foicos exciting the diamagnetic state of bodies Poi il itv>eio a 
ceitain distnbiition of the magnetic fluids nhich constituted the 
diamagnetic condition of bodies, no aceouut, ns above shdiMi, 
could bo given of the foiccs pioducing them, at least tins chstii 
bution could not bo explained fiom the known foiges 

Minch act upon those fluids But the case is difleiontif the dm 
magnetic condition of bodies is constituted by moleculai Cunents 
of like diieelion , foi a system of moleculai cuucnts of like 
lection can obtain in a tuo fold mailtiei In the place, it la 
possible tint the moleculai cuucnts existed picviously m the 
bodies, and tint onlj one foice acted upon those alieady existing 
cuucnts which communicated the Bamc du(icHo 7 i to ihdnij but, 
secondly ill is also possible that the cun cuts of like dircctiOui 
winch foim the diamagnetic condition of bodies, did not pie 
viously exist, but fiisi omjtnalcd oi ucic indiKtd on cliamagneK 
tizing the body Now if one of these two possible oases fti]U tO 
the giound foi the same icasone ns that of the above considenid 
distnbution of magnetic fluids, the othei possible case foi 
moleculai cuiients still icmams, accouhng to which they have 
been oditi cd hy indaUion 
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Hitherto it has never been a question of vuli/ced inoltrrihtr 
currenlg, hilt solely of fixed invariable molecular currenisj, ac- 
^coiding to Ampere’s definition, to -nhom indeed the ougiii of 
'cuiieiits by induction was ' unknou n, But it is evKlenl if tin* 
existence of molecular currents be admitted, wet must furtlicr 
allou that then intensity may bo iiicronscd or dimimsln'd, mnl 
that even new cunents of this klndmay bopiodiiced by the very 
foices winch pioduce cuironts in laiger cnciulSi 

If we go back to tncluctwn in older to explain diumagiu'lisiii, 
it might at first sight be doubled whcthci it is really neccssniy 
to admit induced molecular cunents for this jiui pose, or whoLliia' 
the cunents induced in huge ciiouitsarc not of themselves sufli- 
cient Those cunents would, it is true, be nblo to produce nil 
diamagnetic phacnomcna if they w oret jtematiml but aa llicac 
cunents, which arc subject to Ohm’s lausj are not periimuciil, 
but instantly idisappcar ivilih the inducing force, and can only be 
maintained by continued induction, they can for this reason alone 
not SCI VO to explain diamagnetism 
But if the inpid disappearance of these cunents is (ho solo 
leasoii of its being imiiossible to deduce thence the diainagnclio 
condition of bodies, there apjieais to bo no icasnn why tlie per- 
Bistent diamagnetic state of bodies should not be ascribed (o 
tnduced molecular cui rents, aa these must heliavc in all other 
Jcspoots hkc those currents, and difier only in possessiiiiE tlmt 
pemmenop which is wanting m the othcis, h’or ilm dif, 
leience between those ciirrcntswlnch move through eoniluelois m 
large circuits and these molecular cmrciils, eousisls solely in the 
circumstance that the circulating electncity of (he fornier ih mt 
qmckly dcpiivcd of its active force in jinssiiig to tiu' inoleeuleH 
of the conductor, that it Mould come to icst in an immeusnnibh- 
email time if the loss it sustained u'cre not eonstmilly replaeetl 
by continuous olcctro-motive forces, Mhenoc it results that eiir- 
mitS of this kind are, accouling to the hms of Olim, consliuitlv 
proportional to the existing olcctroHUotivo force, and liisfimtlv 
disappear with the cloclro-motive force, The reverse njiiilms to 
the molecular cm rents which do not pass Uiioiigli a coiiductov 
from moleoule to molecule, but circulate around a single mok.« 
culo, to winch consequently the above reason, doprivnUan of 
tlieir active force, docs not apply. 'J’hos? currenla therpfbi-o 
persist of equal intensity Miihout any clcctro-motive foroe. 

JVow admitting an inditcinff /orce whiah ndts upon tho,dW ■ 
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tucity of a conductoi, the lattci is sol in motioiij^ and tins mo 
lion clistubntes itself accoidin^, to lav^s in piopoiiion to the 
capacity foi conduction belnccn all the piths which the con 
ductoi piescnts consequently a poition of the motion must 
like\usc tnl c its couise aiouiul the indivuluttl molecules of the 
conductoi and foim inducitl molctida} cuiienh^ which because 
they find no lesistancc m then com sc aiound the molecules^ by 
w Inch they mi^ht be ictaidctl, must coutiimc in tluu lull stien^^th 
until in consequence of a new opposite induction, othei in 
cluccd moloculai cuiieuis aic added uhieh neutialize the picvious 
ones 

If theiefoie, with Amp^ie, we admit moktulm \i\ the 

doctunc ofeleetio ma^^notisin, wc must at picscnt, as a ncccs 
saiy consequence aftci the disc o\oiy of induction, adopt 
mohculm cu))enh m the docUme of nui^noLo dcctncity, ami 
must isGiibe poinumcnce to all, whctlmi theyha^c always ox 
istod 01 been hist piuduceel by induction Assuming this, it 
icsuUs that all bodies m which diamagnetic eflcets lm\e been 
obseivcd, must ha^c been acted upon by foiccs which must have 
induced molcculai cmicnls, and indeed such us pioduce the 
effects designated by the naino of dnmumictic 

The lattoi follows fiorn the fact, thatu ma^nclic foicc tends to 
gi\c such a dncctum to an cin)(nl that its com so is ov 

actlj opposed to that ol a cm lent indiutd by Uu mu ease of that 
maqntiic fo} ce C onscqucnlly, if tins induced oiiucnt is a mole 
culai cmicntwhich 18 pcisistcul,it will 111 e wise bin c pcimancnily 
the opposite cfTccts of anothci molcculai (uuent winch cwtod 
(foi instance m non) mdcpcndcntly of the meioaso ol that 
netic foice, but has acqmiod its piescnt diieciiou by moans of 
that foicc Ihe opposite bchaviom of the diamagncti 7 cd bis 
mulh and of the magnoti/cd non follows arcoulin^ to tins fiom 
known laws the essc'ntiiil diflcicnci between bismuth and 
non would then be this, that molecuhu cun cuts, whose dnee 
tion howcvci IS not unaltcmblc, ovist in non ludcpendontly of 
any external excitation, but subject to tlie influonco ol extcinal 
foices, which is not the case m bismuth IIowcvci, bismuth and 
non may m so fai be icndcicd cquunlent as a^dccreaamg oi m 
Cl easing magnetic foico induces m both ficsh pei si stent molecu 
Idi cmicnts which howc\ Cl mustbcmildi weal ci ni the non lima 
those existing m it ihoady, indopendently ol such induction 
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Aki'iclti XIV. 

Oil the Measmemeni of JSleciro-dymmto Forces^ 

By W, Weuer. 

[Fkom Foggondoi/F's Annalen^ vol, Iwiii 19.J, Jitiuuiiy Iti'IW J 

A GlUAUTER of a ccnitiiy has elapsed since Ainpeio laid fluj 
fouiiddtiou of elcctro-clynamirsj a science whicdi wuh to 
ilic laws of magiicttsm mid electro-magnetism into their liiu‘ 
connexion and icfei them to a tiuulamental punciphs hh Iitis 
been effected with Keiiler^s huvs by NewtonN theory of ^ravifu- 
tion. But if wi compnic the fiulher development which ehuMio- 
dynamics have leccived with that of NcwtoiiN theory of gmvilii- 
tion, wo find n great difference in the fcitihty of those I wo fun- 
damental principles. Newtordn thcoi y of gravitation lias iKumme 
tho source of innumerable new reycarehes in astionomy, l>y liir 
splendid results of which all doubt ami ohseuiity icgardinp; I lie 
find piJJieiple of this science have liecn lenioved. Arnpeie^u 
dectio- dynamics have nof led to any Midi lesull ; it may rather 
be considered^ that all tho advaneen wimh havi* snuu* beioi 
really made have been obtained intlepeiulenily of Ampere's 
theory, — as for instance fhe discovery of iiidudioii and its imvy 
by Eaiaday. If tho fundamental pimeiplc of cIcctro-dynainH'H, 
like tlui law of gravitation, be a true law ol iintmcj we uiiglil 
isupposc tliat it would have proved scvvieeablc as a guide to the 
cbscoveiy and investigation of tho difleient ( lasses ol natural phe- 
nomena which aie dependent upon or are cmiocctcd with it 5 
but if this principle is not a law of nnluic, wc Hhould expect tJmt, 
consideiing its great interest and Ihe niamfold activity which 
during ihe space of the last twenty-five 3'^cars that pcoulmr branch 
VOL. V. rAJiT \x. 2 L 
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of nituial philosophy h'ls expeucnccdj it \^onUl have long since 
been dispioved Iho leason why ncithci the one noi tlir othei 
has been elfct ted^ depi nds upon Uu f ut that in the (lc\clopnKnt 
of clcctio dyn iniica no such coinbiii ition oi ition with 

theoiy has ocuni<d as m that of the d theoiy of Maviln 

tion Ampue who is latlui a thcoiisl than an < \p( umcntoi, 
veiy ingLnioubly applied the most tiivinl c\pt. uin< ntal itsulls to 
his system and it fined this to such an ( Icut^ lluU tlio ciudi ob 
seivations imniedi itcly oon( tincd no longt i ippc aictl to have any 
diicct 1 elation to it 1 lectio dyniniK wlutlui foi Llicu moie 
s( cuic found ition ind extension^ oi foi the u 1 1 filiation, icf|unc a 
moic pel feet method of ob&et\ui^ and in the coinpauson of 
theoiy \Mth evpeiirncni demand that wo shoiiUl bo al)le nccu 
lately to examine tlic moie special points ni question so as to 
piovide a piopd oi^^in foi Mhut ma| hi he tcimid tin Rpnit of 
tluoiy in the obscivaiions uilhout ilu dev< Inpincnt of uhieh 
no unfolding of its poucis is possible 

Iho folloum^, cxpiuimnts uill show Umt a nioie daboiate 
metliod of iniling ehctio djnuuK ohstixations is not only of 
impoitanec and considciatiou in piovin^ ilu fundanunlnl pim 
ciplc of clectio dyimmies, but also bt c uist it bee oim s (he soiiice 
of ne^^ obscnalioiis, which could not otlu i wise IniM bun made 

Bi semi dON 01 uii Insiuumini 

The instuimcnt about to b( dcstiibed is adapUd loi deluuio 
obscivations on, and measuicments of, eUdio dynmnie foiccs, 
and its supenoiitj ovei those foimtily pioposcd l)y Aniptic do 
pends essentially upon the following an in^( iiii ut 

The two gnlvanie condiicLois, fbe n cipiotal action of which is 
to be obsei ved consist of tw o thm eoppe i w lus c anted with sill , 
which, hi e muUiplitis, aie ooilctl on Uu c \toinal paitof tin cavi 
ties of two (jhndiual fiaiiics Oiu of tlusi Iwo coils inelosca a 
space which is of niflieient si/( to illow tin otlni cml to be 
pUcecl within li and to line fuidoin of motion 

When igih mie cm lent passes tin on^h the wiicsoi lioLlicoiIs, 
one of them cxeits i lotitoiv uciiou upon Uu otlin, winch is ot 
the ^leutest inti nsitv when the centics of botli cads eanespoml, 
and when llie two planes to which the coiuoliftions of the t\io 
coih aio psi illelfoim a n^lit unj^U with cacli otlui Hit com 
mon (li unelei of both coils is the axis of lolation 1 Ins uapcctive 
position of the two eoils constitutes the nmmal jiosition, which 
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they obtain in the instrument. Ilencc aKo ilic common duimetei 
of the tuo coils, or then n\is of rotation, has a veitical position, 
in oulci that the lotation may bepcifoimedin ahmizonlal plane. 

That coil which is to be lotated, to allow of tlie on^aul tians- 
misMon and ictmn of the cimeiit, must be biouglit into con- 
nexion with h^o immoveable condiic ion 3 and the mam object 
of the mstiuinent is to eflect those combinations in such a 
manner that tlie lotatioii of the coil is not in the least intcifcied 
witli even when the impulse is the least possible, as occuis A\licn 
these connexions aic ejected by means ol two points dipping 
into t^\o metallic ciijis filled with morciuy in \^)nch the two im- 
moveable conductois tci minatc, us in Ampere's airangemcnt. 
Instc<id of tlieso combiimlions, uluch on aceoinit of the unavoid- 
able liiction do not allow of the fiee rotation of the coil, in the 
present ariangemcnt two long and thm connecting viies aie 
used, winch arc fastened at their upper cxticmilies to two fixed 
metallic liooks, in vhirh the two immoveable conductors termi- 
nate, and at their Iowqi cxticmitics to the fiame of the coil, and 
aio tlicie dimly united to the ends of the \viica of tlio coil. Tlio 
coil hangs fieely suspended by these two conncelmg wiies, and 
each wme suppoi Is half the weight of tlie coil, wlieieby botli wnes 
are lendcned ecpially tense, 

These two connecting wnes thus clfecl the tiansmission of the 
galvanic cm 1 cut fiom one of theimnioveulileconduelois to tliecoil, 
and back Lo theothei immoveable eouduelor, and tiuy cflect this 
without the least fiietum inleifeiing with the jolatioii of the coil 

Tliese connecling wues aio also of seiviec, because each 
lolutimi of the coil Uuough a e(‘itain angle eonesponds lo 
n definite rotatoiy momenluin, wliicli tends to dnnnusli tins 
angle, and is propoilional to the sine of the angle of rotation, 
whence a standaid is ioimed toi all lotatoiy momenta, liy the aid 
of which any other rotatoiy momentiun acting ujioii tlie cod 
may bo ineasurod. This is cfieelod aeeouling to those simjile 
hnvs w’luch Ganns has developed in the ease of the bdihn mag- 
nctomctei Lastly, this nioasuie may be made moie or less 
delicate at ploasine, or as occasion may lequirc, by the appioxi- 
mation or scpaiiUiun of the two oonnecUng wiies. This method 
ol suspension not being accompanied with any fiiction, allow's of 
incicasc in the weight of the suspended coil, wdneh may be any 
amount provided it is not moio than the connecting W’ires aie 
capable of supporting. Ileuco a veiy long wme may be wound 
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mnny limca aionnd the coil and thus i \ciy siion^ muliiphca 
tion ol the j^ilvinu foict be obtained Molco^el^ this lotatin^ 
cod imy Mithoui mjmy be loidcd \Mth i spccuhiin \^hich also 
lotatcs and hcic as m Gauss s ma^iutoincUi m ly be used foi 
the d(hcit( meusiiKinent ol an^^Us foi pioMdcd luction be 
excluded, the applwation ol delicate optical uutuuneiits in this 
case also docs not toim any imptdmieiil Hc[^auhn{^ the eon 
sti action ol the mstiumcnt m detail us tins h is been descubul 
\eiy jKilectly by M T cjsci tin mshnmcnl mu! ei m I cipzic 
I shdl inscit the explim ilion wlm li lu has {^iven, and m Inch 
iifdstotlu h^iucs si ( Uliccl hy him Plate III 1--10 Ihc 
instuuiKul IS cdkd an J Jalio dynamomitu 

Di s( nil uoN Ol iin 1 1 1 c iiu) ji\N wiOMi n R 

1 1 PlUcIIl iipiescnts tin htlU liame foi suppoitinj, 
tin H(1 ^\lu^ h MbiaUs in llu mullijdui seen diif^muilly this 
li line Gonsisis ol tuo lound noiy discs, a a and aa^ ^^lnch aie 
iivitcd to two noij pluUs, /»// and /;// tlun distance apait is 
iG^ nlaltdh) i small ivoij lolhi, i I lu liltci ih hollow, so that 
a mctullu ind can b( p ihs( d Ihiou^^h it, and by imans ol a scicw 
cull of the dis(s with iti pliiU tun be fixed to the ends of the 
lollci, and tlui a i(<l is louiud loi llu icciptum of the wiic 
One (luloftlu wiu t()b< < oiled pisscH tin on h tin smullholerf, 
and pio)((ls bom i( Whin tin wne is plictd upon the icel 
and the end fixed by nuuns ol ad! tin mol dlit sujipoiU, tea 
and ( e(\ ol tin lul an fixed to the ends of Die plates abo^c 
montumed, thus, one suppoit, ei dy to winch the spceulnmy/ 
IS SCI ew t d at /y, mini ted at V // , w lulst the ollu i suppui I 6 1 c, 
to VI Inch tlu eomUcipoist hh is Iixcd by the hcicvv is fastened 
by ficiews at b h 8o Diat tins auppoil, ntui the seuws bby may 
bo tlnovvn bad m the dnection h //, in oidci Dial the entne icel 
may be conveniently pine ed in tin nudtiplu i I he t ommencement 
ol ilu icel, which was lelt piojutin^^ Uuon^h the hole at (/, is 
now placed lengthwise alon^ a poitiou ol the pi ite b V tovvaids Vy 
until the cnciimlcunce of tht led admits at / ol its being agnm 
placed within tlic li une and thin asciudin^ to the suppoit of 
the speculum wheie bj moans ot a small above the 

point at which the speculum is fixed it coined into inetnlhc con 
fill I VMth the suppoit Ilu cud of tlu ucl is also biou^^ht into 
melallu contact with tlu ollui suppoilby means ol the sciew 
Dus end must liowivii lx lou^ cnoiij^h not to stand in the way 


of the suppoit when it IS thio\ui back When the speculum 
/y js now phccci at (/, and its counicipoi^c hh at the icel is 
picpaicd loi suspcnsioiun the miiltiphei by the met illic tin cads 
Foi tins pm pose both the BUj)pnits of the icd Icimnntc at e 
and d in hooks oi pieces in the foini of T, and the bitilai me 
talhe till cads aic fuimshcd belou nilh a anuill uoiy beam^ 
which tow aids each end teiminates in i iiKtilhe plate, 
and this agun in a small metallic cylindei , tiu latlei fit into 
the above Iiooks oi iipsila of tlic suppoit, and thus icceivc the 
lecl The bifilai metallic thieads no and cf me united to the 
Cl OSS beam 1 1 in the following mannei The commencement n 
of th( tluead no u fastened by means of u sciew to the metdlic 
plate?, piocceds a shoil disLance towaids and then i etui ns 
tlnough i small hole at the end of the plate beneath the beam ll 
to its centie^;, wlicic it luns thiough a amall hole ignm al)o\e the 
beam, and can then be continued to o and fui Lhci The tin cad 
IS aiiangcd in the same mmnci, its chiection howevei being 
icveistd, in tlie ccntie of the beam 11 each Ins a sepai ite 
apeituK, thiough whieli li passes, these lie \ciy neai each 
otiici, but aio sepmaied uul kept isolated bj tlie ivoiy The 
inclev fjq phcod upon the ecniic ol the be un bcloie the me 
tallic tineads 7io and uc msuted 

lug 3 e\hibiU the laleial new of the Mhiating icel, with the 
coil as placed upon the beam, and the mnioi and countei poise 
adapted andvibiating on tin bifilui metallic tineads Only the 
vciy imuow anteiioi poiUon of tlu mdc\ is pnceptible 

lug 1 ippieacnts tlu led seni al light angles to the snifaco 
of the speculum, the hooks oi upsih, as ilso tlu indcK \ibi itmg 
above the sculc-i)lat( cc, au \eiy distnu tly seen 

lug I picscnls the view fiom al)o\c, in winch the beam and 
the iudc\ foim a uglit anghd (loss 

Fig ^ selves to illustiate the fmthci coiusc of the bifilai 
inotallu thicad to its teimnuiiion , loi the sake of diafinctness it 
IS lepiesenlod of twuc the si/t ol the oUui hgiues, and ns seen 
in a veiticsl aettion The hilihu melallu tineads continue to 
ascend fioin o and inclosed in a biass tube , the} aio wound 
loimd the mo\c^ble lolleis a and and aie finally fixed to tlie 
ivoiy lolle I B at 1? and //louud lotating pegs The tineads can be 
wound up 01 imwoiind on these pegs oi binall lollcis by means 
of a small key, aeeoidmg as the weight of the vibiatmg icel 
may icndei this lequmiie, the small lollcis a and me also nc 
eessaiily tinned lound at cithci of ihcae opei aliens The noiy 



191 


%\EBLIl 0\ IIIL MI V'sUllCMFM 


c^l^nclel itself \^ith the piong ind the slicm ee^ can also be 
SCI owed up 01 donn by means of the nut // and thus the 
vdnattiij^ led maj be au in^cd in Iho piopci po ition as Ut^nuls 
tin iimlliplKi in the ctntie of \^hIcll it should oscillate At 
the sinic time tlic loDci B which is moveable in llu piong 
uound th pe^ m issumes a stab of c([udibimm as soon as 
the vibiitin^ lecl is snspended hedy fiom the bifilu metallic 
wiics since these wiieJ act at h and 1/ is it we ic at llie ends ot a 
le\ Cl the eenti e of motion of w hu li is at m 1 hus tlu load of the 
\d)iatin^ {jlindoi is ccpially duided between the two thieids 
lo allow of the appioximUion m sep nation of tlu two bitilai 
wiics the 1 oik IS a and me set m Inoad piongs^ whuh as seen 
in the h^uic teuninatc in scitws by mi ins of whitb thej cmi 
be nppioxim ited oi stpuatid between two nutillu plit(s(inch 
cult (I b) the lines enslaved peipiiidic ulmly) with the nuts cc 
and dd llu laitei au fittf d inlialindof easc^ indie alcd m 
till (i„ni< h) Inns diawn oblique 1} in whieh tho) aic fixed bj a 
p( but nu not impeded ai ugaids then lotition llu lollei 
with its pion^ and scie w ]dat( ind nut r e, is isolated fioni the 
lolli 1 wi(h its pioiij. undseiew plate mid nut e d beeau£)Cthe 
eueulu dises ddaiuld'd^ whieh me pe iloiaUd in the cciitic and 
whuh eeniiud llu in abewe and below me made of ivoiy lo 
allow of (be bifilui nu 1 illu wnesbcinf biouglii out comemcntly^ 
the nuts re mule eUe innn Ue in tiumpd shaped pi oje e lions, as 
shown in the fi^jUie, fiomwhuh lian^Hawne // e/ and e/ yHlmee 
wound uuind lienee i gulvunie einient tiles tlu fedlowiag 
eouise —If it enlcis al (/ it ise ends to e/, is e ennmunu ilcd to the 
nut e ( and tlu lollei a (it dsoaseemis lo h Imt as la isolated 
it letmus) and inns down the thuaels to o fioui o it piocceds 
(lig ^)lmllKi down tin ougli tlu eenlie of the lians^cisc beam, 
llun to its (xtiemitj ? while by the metallic roniact with the 
Huppoit it iiiiu down it ami it e nteis the t xtiemity of the lecl 
itself tlnonf.h the eoils of whuh it eontnuus, again mal mg Ub 
< Ml III flf but a„un jiassing to the otliei siippoit at tluongh 
A fioni alon^ tlu liansveise be im lo its eentie, and horn this 
up iei d, fioni d tlu ciuunt (fi^ a^^jaiii uins uvei the otliei 
lollci d into tlu nut and finally ai live ^ the othei eon 
iliuiui^ will {/ f/ llius tlu emient, to anno at one concluot 
mg wne (/(/ tioni the ollui r/y, must nee rssauly iiui tinough 
llu Ml)ialn^ie(l masmueh a6 llu wne fumi lo ^ is pmfectly 
imdaled Jo do awa) with the tension of the bifilai metallic 
Wile'S ilir whole of the uppoi poition oi the uifltMimcnt as fai as 
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lili and UnJ lotates houzontally, and is fiunishcd ^^llh i toisiou- 
ciicle and an ludcv, distinctly seen ni figs G ind 7 at hh^ 
ligs 6 and 7 not sectional, uid hg U b( lungs to fig 2 
Pig 7 exhibits the lollei B \uth the piong ind the seiew 6 6^ o{ 
fig 5 moie distinctly, ti heic lopiescnt Uo stiens, to fix the 
lollei B on moMiig the iintiumeut, without winch piccuution 
the bifilai tine ids would be easily injined 

We now pass to fig 8^ winch exhibits in avciLieul section the 
lowei pait of the instiument, with the inuUijilioi and the pede 
stal, which IS constiueted of seipcntinc In it m hist ie( oginse 
fig 3, sns}iended by the bifilai metdlic wues o and o', also as 
seen on a ^eitical section llic lettcis m7)i exluhiL a section of 
tlu multiplieij wound loiind a In ass dium luimslied with wooden 
sides, in the mleuoi ol which tlu \ibiuUug ejlindei It is placed 
These wooden sides suppoit the tubes, withm which iho bifilai 
tin cads descend , the twoacalcsloi thcmdcK ue also fixecUo thorn 
Iig 10, a Mew of the instuinu ni as seen fiom above, exhibits 
moic iccmutcly the scale and the melxllic pliUa, io winch the 
tube IS fastened The sides of this multijilici aio in connexion 
with a sfciip of eoppei, which by means of two eip seuws can 
be connected with the iippci pul ?ui of the foot of seipcntinc 
This poition, 7171, with its cone ti, is cajmble of lolation m the 
low Cl pail of the ipcntine fool, andhj nu ansof the mcfallic bolt 
7 IS Ki pt in connexion with it by the scicw i Since, as shown in 
fig 8, both the speculum and the countci poise piojcct biwuuls 
the wooden sides of the mulliphci, the whole u piotccUd fiom 
the infliunce of a cinunt of an hj a cjlindncal wooden co\ei, 
which IS fixed to (lie uppci coiiuis of the wooden sides of the 
nultiphei In the dneeiion of the apceuliun to tlu counici 
poise, howcvei, tins tvhnchual unci is flulteucd, so as to allow 
of a fuc view tin ougli the ciiMtyof the multipliei The flat 
side of the co\ei next the speculum ean bo opened oi dosed at 
pleasuic l)y a wooden plaU, wJndi howcici, to cniblo us to use 
the maioi, is fuiniahed with a fiat pandlel gliss, S ^Ihe whole 
of the othei flal side of the eoici, which is tinned iowauls the 
countei poise, may be dosed oi opened by a g! iss [ihte Thus 
the vibiaiing icji^l, when the sides of the eovei aie dosed, can 
still be seen, and its fuc osi illation lu the (UMty of tlio miiUijdier 
be obscived and ugulaUd by means of the thicc sciews in the 
seipcntinc pedestal Moicovei, iiom abo\o downwnids, above 
the guKluation, iho covu is closed by two glass plates, winch aie 
moveable tow aids each olhci in metallic giooves, and excaiated 
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in a semiciiculai foim m the centie to alloM the tube in ^vluch tlie 
bifilai uues aie su pended to pass thiou^li Uuni In 
exhibits the glass plate at the side lo is the wooden pltUe 
with the flat paiallel glass S at the olliex side v is one ol the 
uppei glass phtes Ihe lettcis // ait loops, tluougli \\hich 
the conducting wnes g(/ and r/ (j^ m flg 6 d( st t nd these wiies 
aie fixed m these loops to avoid tiun lyint> loosely UuoUj^hout 
then entile length tliey teuiunate in pegs, oi snifdl c^hiuleis 
Tig 9 also exhibits a veitical scelioii hut at light auj^les to 
that of fig 8 m is tl c miiltiphei and 11 i m ( Lion ot the lecl 
vibiatm^ withm it At the suh of Ihe tus( we pouene (oiu 
mohllic I nobs mail cd Ihtst an iieilmuU d euieinlly, 

and tile pcifoiation most distant liom the tube is fnunshed 
with a scuw on ilu innci welt of tiu caw it is lixttl to it by 
anothei scicu Iwo of tlusc 1 nobs u iind an in mctalhe 
contact with the coinmeiu ( nu nt and (t iiiiumlion of the mulU 
phci, so that a cniKiit fioin tin 1 nob item iim tluough the 
mnltiplici into the 1 noli 7 / ami net vond J ht ntlu i two knobs, 
aie pcifetily isolaticl, hut all lorn of tlu ] nobs aie 
veiy useful toi leveisn^ the uuKui ami foi efhaing vaiious 
eombmations In this ligme also we sic tlu imhx vibiuting 
abo\Q th( scale plale as dso in hg i, mIicic the tase is sup 
}) 0 SGtl to be icmoved 

let us now tiace the com e of i galvanic cm lent Minch 
eulcis the inatiumcnt at the I nob u , it pnssi s fioin tluough the 
muUiphci m and towauls if the aomlucliiig muc r/ with its 
mctillic cyhmlncal cUumity bi mm inHoiUdmio this knob, 
the luiicnt ascends m r/y and (hg Umiudi Ihc nut cU^ 
above the lollci ilu n down w ithm flu iulie to f/, tluuce (fig 2) 
fiom 0 tluough the ctnlic p of the tuu)s\eis< beam to lal, 
tlnon^h the vibiutnig ictl to mi po^ and (hg 5) fo ascending 
above ihe lolhi u in the nut 6 6, lo Ilu second (onductmg 
wiiL f/(/ and (hg 9) tluough f/p down niio the I nob i.., whence 
it inns into the otlui of th< two exciting HUifuceR 
By means of the nppei loUiting pm I of the sci pontine 
pcdcstil, the instimnent may bo uuang< d m any pait ol a hall 
01 loom as letpmcd 7 VII the ligiucs aie diawn one loiuth of 
tlu hncai maj^nitudc of tlu eledio dynaiuonucte/ excepting flg 5, 
which IS cm hall (lie ical nm^iulmh 

the wiic on thoMbiutm^ lul la ^OOnietus in length, tlial ol 
(lie multipliei 900, the fust fin ms about 1200 coils, ihc lattci 
ibout )00 file length ot the bihhu wucs, (which aicvciy fine, 
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composed of sjlvei, mcl vveie hetitcd to ledncss^) fiom the tmns 
vcisc beam to the small lolieis was half a mctie 

The pnee of the instiument is 10 giiinc is 

ObSLU\ATIONS DDMONSPR VIING HID IUM1\MDNIAG 
iiiiNcriii or Eldcxuo dynamics 

Tlie follo^Mng obscivations wcic not m idc Mith the instiument 
^^hlcb has just been dcsciibed IIowcvci^ it is unneccssaiy to 
deseiibe scpaiatcly the instiument made use of on tins occasion, 
because it niti dy diftus fiom the foinici in minoi points ot ni 
langcmcnt, ^\huh ncic less comcmciit than those in the lattu 
One imiioitnit modihcitiou onlj icqunca to bt mentioned, vi/ 
that the iniiltiphci, nlndi m the above dcsciiption assumes an 
invanable position, in uhich its centic eomcidcs nith tho centu 
of the bihlaily suspended lecl, Mas left iiiovoablo, so that it 
could be placed in any position as icguuls the \ibiating led, foi 
the piupose of cYlcndnig the obsei valions to all iclative positions 
of the two guh anio conductoi s, m Inch act upon each othei Now 
as tlieso two condiiciois foim tuo coili, one of nhicli can en 
close the othei, and in the inshinnont dcaeiibi d i\ho\o the innci 
and smalUi coil uas suspended by Uo tin cads, to scivc as it 
Mcic as a galvanomctei neeclh, whilst the oiitd and laigci coil 
w as ii\( d ind loimed the mulliplKi , it was icquisite loi the ob 
jecL m qiustion to ie\eise the aiiangement, and to suspend the 
outei and laigoi cod by two tin ends so as to use the innoi and 
smallei cod as a multipliei, because it was only by tins means 
that the position ol tli( inultiplici could be alteied at plcasuie 
without mteifeung with the bifihu suspension It is at onco 
seen that the oxteinal iccl, on account of its si/e, has a gicatci 
momentum fi om incitia, whioh piodiu ch a longei dmaiion of its 
vibiation, tins udluence howe\ei may be easily com peusn ted foi 
when necessaiy by altcung tho anangement oi tlie bifilai sus- 
pension 

As icgauls the obsci\aiions themselves, it lemains to be le 
maikcd, that to icndci the icsults compaiiiblo, the intensity of 
the emunt tiansmittcd by tin two comliielms of the dynamo 
melei was, snmdt mcoiisly with the obscnatioii on the djnamo- 
motel, accuuiUly meabuied bj u second obsei vci wilhagulvano 
mdei Tins was leqmsitCj In cause no ichance can be placed 
upon the constancy of the infonsity of the ouiunf dining a con- 
tinued seiics of cxpcimienfcs, even when the so called constant 
buttoiy of Glove oi Bunsni is used 
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The fiist expenmcnt v\ "IS made by passing thiLO cuucnts of 
diffeicnt intensity i e fiom 8 2 and 1 of Gio\( s elements^ 
thiough the two conduct ox s of the dynamoinetcij uul obsei \ liig 
the simultaneous deflections of the d}n imomclci and ^alv nio 
metei Aftci mil mg the ncccssaiy uductiuus the follow 
means weie obtained as the deflection — 
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fhese obscnations nic icduccd so that the found fmnish a 
nicasiuc of the eldiio chnimic toiec \m11i whuh the t\^a ( un 
duetois of the djnanumu t(i act upon caili othu, when cuucnts 
of cquil inUnsity aic tiansmitted thumgli them whilst the 
lattei fmnish a miasuic of this inieumtj itself 

If wo denote the djnamomctiic obsdv aliens by 8^ md the 
g ilvanomctuc obseivations by we obtain 

y 5 155 U v^S, 

foi if we enleulato the vihus of y fiom the \alue8 found bj ob 
scivition foi 8 aeeoiding to this foimuh we obtain in the ou)ci 
of the seiios, 

lOH 144 
72 5S9 
Vy 786, 

which exhibit less cliffiicnccs fiom the values of y found by ob 
scivation than could be anticipated, thus 

- 0 2H2 
H 0 191 
I 0 15i 

I he dec(7o dy/iajrnc fo) ce of the lecipiocal mtum of two con 
diictimj ton es, ihi ough which tin ? / nls of cquat inlamly m o ti ans 
mittedy ts thiufoic m piopoHion to the t^of Ihify nitinsityy 

which IS exaetlj what is lequacd by the liuuhuncntil piiuciple 
of elcciio dyn imics 

A moie extended sines of cxpeiimeiils was (hen made foi the 
piuposo of aseei taming the dependenoe of the clcctio dynamic 
foice, with which the two conduclmg wues of the dynamometei 
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react upon each other, upon the iclative position and distauee 
of these uucs. 

Foi this pill pose the au«ingemeiit Mas efTceied in auoli a 
mannci, that one conducting Miie, t e the inultiplnn, could be 
placed in any position as icgauls Ihc other, t. e as legauls the 
hihlaily-subpcncled coil, the lattei foinimg the linger coil, which 
inclosed the foi inei smullei one 

Both coils Mcie always placed in such a position that thcu\ 
axes Mcic in the same hoiizonlal plane, and foriued a I'lght 
angle uith each othci 

The distance of the two coils uas delci mined by the distance 
of then eentiob liom eaeli other, and uais thus assimiecl as =: 0 
when the ccnties of tlio two cods coincided, 

WJicn tlic latter ivas not the case, ni addiliou to the ningnitiule 
of the distance of the tuo ceiities, it uas also lecfuisilo to ineusino 
the angle Minch the line uniting the two ceutial points formed 
with the axis of the hifilaih-buspeiulecl cod, whereby Ihc direc- 
tion in which the centre of the nudtipliei mos removed from 
the ceutic of the bifihuly suspcMided cod was defined Foi tins 
purpose the four eaidinal diiections Meic selected at M’hieh the 
former angle had the value 0"^, 1)0^, 180^ and i* c\ whon the 
axis of the bililarly suspended rod, like the axis of the needle 
of a magnet, M'as aiiaiiged in the magnetic ineiidian, the centre 
of the nndtiplici M^as removed fiom the centioof tlic jiliove ooil, 
sometimes in the dneetion of the ineudian, notlh or f9ott//i^ and 
sometimes in llio diieeiion at light angles to Ifie magnetie ineiv 
dian, or toesi, In each of these difleient dnecLioin tlie luul- 
tipliei wi\H placed succcsbivcly at dlflei(‘nt distaueis from the 
suspended cod 

This anangement of dificrent positions and distunces of the 
tMo oonduclmg muios of the dynamometer aeeurately rone-' 
Bponds, as is seen at a glance, to the airangoment oi‘ clilfcr- 
cut positions and chslimecs of the two magnets, upon Mdueli 
Qauss baaed Ins mcasiucmcnU, in doinonstiating the fiinda- 
nientil punciplo ot mngnciism The bdilinly-suspended <*oil 
hcie occupied the place of (huiss’s magnetic needle and the 
imdliplicr the p^ice of (lanss’.s deflectioiMod, The only im- 
port aut ddfeience is, that the mutual action of the magnets 
could only bo obseived fiom a <libtancc; conscyiiciitly m tlie 
magnetic obseivations that case M^as excluded in which the cen- 
ti es of the tM'o magnets coincided ] Mdnist in the olectio-dynamic 
Tiicasuronicnts of Mhich mo aic noM^ speaking, the system could 
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moieovei be lendeied complete by the case, m ^vbicli the c( utic 
of the iw 0 coils coincided 

Simultaneously nith the obseuations miclo on the d}immo 
inetei the intensity of the ciuicnt u hit h w as tiansnuitcd tluough 
the two coils of the dynamomctci ’\^as mcastiicd bj auolhci ol> 
servei with a galvanomctei By tlusc auxiliaiy obscivations I 
as enabled to icduce all the obscivalioim made on the dyua 
mometei in accoidxncc with the law shown tibovt, (llmt tlic olcc 
tio dynimic foice is in piopoition to the sqiiuic of the inhiisily 
of the cuuent,) to an equal mtcnsiij of tlu t uncut aiul thus to 
lendei the lesulta obtained compaiablc 

The follo\i 111^ t iblc ^ivcs the i educed mean \ ulues w Inch m ci c 
obtained m the difleicnt instances Ihe fust vcitieal coluuiu 
shoiis the distance of the ino cods of the dyiiainointtci , 
above the othei columns, the dncetion fount d by ihe line uniiuif, 
the tno ccntics iMth the a\is of the liihlaily suspt lulcd coil 
duected toMaids the magnetic mtiulimi is given — 


I) t 

N tl 

] t 

H tl 

W t 


(1 

00 

Ul) 


0 

2 m 

2 )()() 

2mn) 

n 0 

soo 

7710 

18) i 

77 0(3 

no ( 

100 

ai7S 

77 0 

1177 

i 77 H 

500 

18 17 

U 17 

18 10 

! 10 ifJ 

too 

2 51 


2 m 


It IS at once seen tlnlMlun the cciitu s of the (wo cods ol the 
djnamometei coincide, oi then distance a])ai t is 0> the tlif 
fcienco dependent upon tht change of llu dnt < lion in wlncli the 
multiphei is lemovcd bom the bijihuly sus[)ciuled coil, va 
iiishes T.he icsult obtained m this ca e tluicfoic could only 
be lepeated m the above table in the vauous columns 

Moieovei the above table shows that the icsults obtained foi 
an equal distanoe m opposite ducrlions vaiying 180 , agree 
togetbci as fai as the obscivations could be depended upon 
These values, when icdueccl by takin^ tlu a means, aflci con 
veiting the divisions of the scale into dcgitcs, minutes and 
seconds, yield the follow ing table — 


u 



0 1 

0 

iO 

22 

8 

20 

1 

0 1 

0 

20 

8 

0 

0 

2 

05 

0 

10 

12 

0 

1 

11 

0(1 

0 

5 

50 
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in M^iich the same notation is atlopiecl as used by Gauss \n Ins 
Intomias Vis Magnet iccOi &c. in the oompauson of the mag- 
netic obsei vations* 

Accoichng to the fundamental piineiple of clcctiu-dynuuncs^ 
we should be able to dcvclojie I lie tangents of the angle of deflec- 
tion V and according to the diinimshing odd pow^ois of the 
distance R, and we should have 

tan V ^ a f A U 
tan a R ^ d- c R ^ j 

wheic b and c are constants to be determined fiom tlio ol)- 
scivntions. If now in the picscnt mslaiice we mnlce 

tan V = 0^00035 72 R”*" H~ 0*000002755 R'^"' 
tan ==: O’OOO] 78(> “ 0 000001886 R^^ 

we obtain the follo\\ing table of calculated dcfIcctioiiSj, and their 
cliffciencc from those found by obseivatiom — 


u 


DiAtrojicc. 


It' 



0 :i 

0 

/ 

IS 

22 

5 

0 

0 

20 

"1 


01 

a 


7 

1 1 

(1 

H 

tiH 

-h « 

0 r> 

(1 

U) 

S 


{) 


42 

4- a 

00 

0 

r> 

'111 

d“ 1 





Thus in this agreement of tlio caleuintcd values with those 
obtained by obscivation, wo have a confirmation of one of tlie 
most universal and mosi nnpoilant consequenres of flie fiuKla- 
mental principle of elcctio-dynamics, viz. that the ftame laws 
aj)phj to elect) o-dgnanuc Joires cm ted at a distance as to mui/>- 
neticfo) ees. 

In tins ap])lication of the laws of mngmdism lo elect ro-dyaiuuic 
observationa^ that ease of the latter where theeentics of the two 
coils of the dyniimomcler coincide must be eveliuled. Mouw 
over; lu this extension ol the laws of mngiu lisin lo elc’elro-dyuamie 
obscrvationSj the ^ allies of I luce constants musl be diuluecd fWim 
the observations thcmselvesj which is unnecessary when we have 
recourse to the fundainonial principle of eleetio-dyuamics Itsclli 
and oalcMilatc directly from it the lesults which the observations 
Bhould have yielded in accordance with ih Hence iroui tlie fun- 
damcntul principle of olectio dynamics — 

1. In that ease m wluoh the straight Imc uniting the ecu tic 
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of the two coils coincides Mitli the n\is of the biflluly 
suspended coil 

^^hen m desigu'itcs the ladiiis of the multi ply coil, n the 
ladius ol the bifihil} suspended coil and a the distunce of the 
centies of the tuo coils and foi bicvily we mal e 

m m 

vv 

aa + )ni 


aa -\ nil 

i aa + n n _ ^ 

16 («a I 71 n) ^ 

64 {a a \ 7i 7i) 

ike elect ? 0 chjnmnic niomaitimi o/ 7oiaiion xoliuh Iht mnUtphjing 
coil e%e?ts upon the hiJiUnly suspindtd (oily lohin a (lanni oj 
the intemit?j i thoiKjh both coih is dctcunuu d uilh suf 
ficient accuiaey to be 


TTTT i 

— 71 ?ltt 


& 


S design iting the following sciics — 

b zis I- 

— J [* 3 * — 7010 — (3 — 7 

V [ 7 ^ — -w; — 2 (5 — 9 70 w)f I 3(5 — 11 to 14Jj) (j] 
f ir [7 -- n v))f I 1 1 {7 U 1010 ) (/\ 

+ jTfy [xT -'TVIO — 1(9 — Id 7o)/ h 26 (9 — « 1 5 w w) r/] 

— &c 

If in tins cqiiition we substitute the values 1 nown fiom dncct 
measuicment in millinielics, 

= 4 1 
n s= ^5 8 ^ 

and successively 

a == ^00, 400, iOO, 

\^e obtain as the lotating momentum sou Jit, the following Unce 
values to be multiplied by tttt ^ 

- 1 15U 

- 0 6517 
-03152 


ft 
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Moieovci, 

2 In that case wheic the light line nmtnig the centios ot 
both coils IS at light angles to the a\is of the bifihily- 
suspended coil, 

n and a having the same signihcalioig and 


7)1 m 


a a I 9171 
a a 

)171 

71 n 


^ vv, 

- iffVV, 


a a -h n )i 
the lotaloiy momentum icquiiul is 
:=: q TtV^ 71919 7 
exjnessing the following senes — 


S' == H ^ 

- ^ [y ~ VVy] vv 

H V, U 

~hVj\ M 3 ~i 8 /)r/~ V (l-ll/)/’^rz?- 572 /VJ^'‘■ 

■^ ?io[TV^ i{J-22/)/y+ >/ (J -23/1 

I ■';*(!_ 10 /)//^'' I 

““ &C 


If in this senes mc substitute fox m and 7i the given values, 
and successively a 5 = iOO, 400, 500 and 000, uc obifuu as tlu 
rotating momentum lequiicd, tlu lollowing \ dues to bo multi 

phuUy TT ?r ? » — I 

+ 1 

I 07120 

L-,slly. ' " 

i In that oust ulicic the ((utics o( both cods conuicle, — 
mIicu ni design lies the 1 uhus o( tin multipliei, and 9i^ and 
tlie least and gualest laduis ol (lu bddaily suspended coil, tlie 
lotutmy momentum sought is 

TTTT rn^ 1 I 

= [n «8 ““I- j 


+ 

4 


9 1 


22') j 

' 1 1\ 

i iii) 


■ UH6 ' 

?7V 


012') ^1 G‘)lfi75 /'I 

881736 'l845iyi76V^ nV 
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11 m this foimulii substitute thovalius 1 uo\mi horn dnect 
mcasincmeni in millimttics^ 

ii \ 

= 'jO 2 ) 

G1 35 

Ave obtum as Uic lotatoiy momentum llu lolloumf; value to be 
muUinlied h\ tit: n ' — 

1 it 7 U 

I his Auluo suflcis a icdmiioii of about \,Lh when Ave take into 
considtiaUon that all the tuins of tlu two roils do not he in one 
plane, which in this case oxeits {j^icatci infliuuce on account of 
then pioMinity than m the uthei eases llie abovi value thus 
becomes iccUu ed to 

P 1*^7 ^ ^ TTir I i 

ilu munciual cocnidculH thus cahulaUd hIiouUI now be pio 
))oitioual to th( obstivid Aahus and wlion mullipbed 
the niUuHity o( tlu euuent ^ beiiif, evpusacd aecoiduif^ to the 
dmuiisiouR upon Avhuli ilu above measuumcnls woic based, 
rUouIcI be tcjual 

In luct, wlun all tlu c al< nlatcd numeucal cocfluients luc mul 
tiplud by 5 3 Of), and tluu aiiaiif^cd accoulmp, to the aualogj of 
tlie obacivcd values, wc obtain !he lollowing table ol the calcu 
laled values, and thou ddUHiue liom ilumc found by observa 
lion — 


1)1 ( i 

lUi t 

N U 
t) 0 

IHO 

niff 

1 1 ( 
ii J?) 

Din 

0 

1 22080 00 

1 280 00 

1 22080 00 

I 280 00 

soo 

180 0 1 

1 0 00 

7717 

^ OOfl 

100 

77 70 

^ 0 11 

8171 

1 0 01 

m) 1 

m 17 

0 10 

18 M 

0 07 

000 

201 

1 0 18 




In tins ( oinpaiihon of thcoiy and cxjionineui, the single facLoi 
, ] 06 was deduced liom obseivations imcl LIuh wasmcHly done 
because this laetoi could not be dcUnmmd with Ruflicient ac 
cuiacy by dnecl mcusuicmcnis llu dncct flLtcimiiiationi o( 
tins faeloi iH bused upon the asccitaiainuil ol the piopoiUon of 
that meusme of tlie intensity of tlu < uncut, upon winch the 
scale of the galvanometci used is based, to Uml absolute measuio 
to which the ihcoietical cxpicssion leleis Ihc mcasuicmcnta 
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neccss^iy foi ascei taming this piopoitioii could not all be effected 
\nth the lequisiLo accuiacy^ because sepaiate mcusuies woie not 
taken loi this ptupose In tact, liowc^ei, the abo\e facioi was 
pio\isionally, as well as cucumstanres peimitted, cletci mined by 
dll ect incasiucmcnt, and lound 19 5 This lesiilt also exhibits 
an agiecmciit with that pi eMously deduced horn the obseiva- 
tions, winch undei the cneumslmces could not luuc been cv-^ 
pected to be gieatei 

ObSEIIVA1IO\S sending 10 ENT AlU h Jill DOMAIN 01 

Elecxiio dynamic invlsjigaj ions 
A Obsovahon of Voltaic Induclion 

If the bifilailj suspended coil of the djnamomctei be made 
to oscillate whilst a cuucnt is tinnsmiUccl iluough it, oi thiough 
the coil of the multiphei, oi thiough both sunulUineously, this 
motion IS indnotwt^ and excites a euuent in the conductoi, 
thiough which no cunent was pissing, oi altcjs the cuucnt 
passing thiough this eoiiduetoi llus mode of excitation ot the 
cuucnt 18 called voltaic induction The inducing motion, i c the 
\elof ity of the oscillating coil, is on eacli occasion diminished oi 
by the antagonism ot the (uiunts excited bj the voltaic 
induction and those eondutted thiough tlic coil Ihis check 
to the \jbiating cod {(ficUd by the voltaic induction may bo ac 
cuiatcly obscued , and at the same tune the motion of the oscil- 
lating coil itself, which inodwa the voltaic indiiUioUi may bo 
acciuatcly dcteunincd, and this twofold use ol the djnamomctei 
alloids tlio data necessaiy foi the moie acemate investigation ol 
the laws ofvoUuic indiution 

9. he bifdaily suspended cod dosed in list If was made to 
oscillate to the gi cutest extent at which the scale peunitted ob 
seivations to be made, and its oscillations fiom 0 vieic counted 
untilthcy became too minute loi accuiati obseivation Duimg 
the counting, the magnitude ol the aie oi oscillation was 
mcasiiicd fiom time to time '1 hese oxpciimcids wcic/o 9 ^ made 
undci the influence of voltaic mductioii, a ciuiciit fiom tlnco 
Glovers elements being conducted thiough the multiplying cod, 
the same cxpeiimcnts wcic next upeuted, altci the icmoval of 
the elements, without \oUuic induction — 

VOL V VAJli XX 2 \f 
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It la e\ident on compnii'ion iluil the dimnniUon of the lUQgni 
tude of tlie me, which without the influence of nuliiction fiom 
one oscilhtion to anothei amounted on an avcin^jC to with 

the coopeiation of the induction loac to pait 
When foi the multiplying coil wth the cm i cut tiansmittcd 
thiough it, 1 magnet equivalent in an clcctio maf^nctic point ot 
view IS substituted, the diminution of the aic is found to be 
equally gi eat, ? c the magnetic induction of this mngnei is equal 
to the \oltaic induction ol the run cat in the mulLiiilici 

The velocity which the inducing motion must possess for the 
intensity of the induced cunent to bo equal to that ot the in 
ducing cuiient, may also be deduced tiom these eviJCiimenls 

B Detei minahon of the dm ahon of Momcnlari/ C m ) c7itSf as 
also tis appheahon to Physiological Expo iwaits 

When the intensity of a mitinued constant cm lent is to be 
detei mined both the galvanomctci (the sine oi tangent com 
pass) and the dynamometci may housed, butil tlic cunent, the 
intensity of which is to be dctci mined, is ineiely ol momailmy 
dmation obsoivation made with eithoi of these instiuments is 
not sufticient, because the deflection obsened does not depend 
meiely upon the intensity of the cuiient, but also upon tlic 
duiation itself It is theiefoie icquisitc, in expcijinientally m 
vestigating the intensity of the cunent, also to dctcimmo its 
dmation 
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The hvo instiumcnls, i t the galv inometci ind the dynamo- 
mctci^ me compk menlai y to each othei, so that when the same 
nioraentaiy cuiicnt is tiunsmittcd thioiigh boih^ and tlu dtflec 
tion of both instiuments thus piodiiccd is obscncd> both the 
duiation and the intensity of the moniuitniy cuucat can be dc- 
toi mined fiom these iw o obscivalions This u ( ipioeity is bused 
upon the ciicumslancc that the ohscivcd dcnection of both 
stiuments depends in the same niannei upon the duiation of the 
momontaiy cuiicnt, i e it is piopoitioaul to ululst it is not 
dependent in the same inaimci upon the intensity of the cmieni, 
bcenuse the deflection of the gah inometci is in piO])oilion to 
the intensity of the cuueni 

Let s and j indie ite the duiation of the oseillations of the gal 
vanomctii and d\ nainonictci , 

and 6^ the deflection af uhioli both instiumonta icmain ^Uicn 
the same constant cuiicnt of the intensitj ^'la tmnsmittcd thiougli 
them , 

Wiiilst 6 and e indicate the extent of tlic deflection uhich both 
insUumcnls ntlam in consequence of a momentaiy eiiiicni of tlie 
duntion 0 mid of the intensity tlie following equation then 
gives the duuUion 0 — 

1 6 9 it 


and the following tliut of the vUumty of tlu cuiicnt i 


9, 6 and s in these iounuhi me migmtiulos winch 

can be dctci mined by obsonafum 
This combination of tlu d} nmnomolt i w itli tlu gah inonu tci 
IS of special impoi lance m pli)siology, to nucsligutc aceuuUcly 
the excitation of tlic nenes by galvanu cun cuts hoi U is 
found that ncivcs of sensafion espi dally uie (nudvly dcmlcncd 
by continued duieuts, and Iieine that foj bueh expeumenis 
momenlaiy cmunls aie fie(puntly leqmied (o be used Jhit 
the obsGived impiessious of sdise dejund less upon the dm a 
tion of the cuncnttlian upon ils mtciisily, and it is csscnluil 
to be acquainted? with both 


2 M 
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C Kepehtion 0/ Ampeie^s fundamental Bxpciment with com 
man Llectnoiiy and measuiement of the dm niton of the Elec 
tiic Spat] on the discluage of a Ltyden Jat 


It IS e\ident fiom the piecedmg lemiiks that the action of 
a cunent upon the clynamomctei depends moic upon the in 
tensity of the ciuient, to the aquaie of winch it is piopoitionatc, 
than upon the duiation of the cuiicnt to which it is simply 
piopoitional Hence it follows that even a small quantity of 
electiicity, when ]> issecl thiough the dynamomctci within a\ciy 
shoit penodj so that it foims a cuiicnt of \ciy shoit duiation 
but veiy gieit intensity^ will piocluce a sensible effect Ihis 
iSj in fact the case when the small quantity ol dcctiicity which 
can be collected in a Leyden jar 01 battcij is tiansmitted diuing 
its dischaige thiough the dynamomctei By this means it was 
found that Ampbies fundamental cxpeuincnt, which Ind pie 
Mously been made only with powoiful galvanic battciics^ could 
aho be made with common electiicit) 

Wlien the same clectncity, collected m I cyden jais, aftei 
having tiansmitted thiough the dynnmometci, was also 
(onducted thiough a galvanometci and the cU flection thus pio 
duced in both instiumcnts was measuicd, in accoi dance with the 
above uilcs^ the duiition of the cuiicnt, t e the duialion of the 
dcctiic spailc on the dischaige of the I cyden jai, and at the 
same time the intensity of the cinient could be detcimmcd ad 
mitting that the cuuent might be considucd as imiioim cluiing 
its brief dmation 

It IS well known that m expeumcnis of this kind the dischaige 
of the Leyden jai is effected by means of a wet stung, to pie 
vent its taking place thiough the an instead of thiough the fine 
wncs of the two instiumcnts In this mannei a stiies of expo 
nments was made a batteiy of eight jnis being disdmiged 
thiough a wet hempen stung, 7 milhmctics in thickness and ol 
diffeient lengths the following lesults wcic obtained — - 


I eiiLtli ( f ilio stung 
Milhmctics 
2000 
1000 
500 
250 


Dniaiioh of the spmk 
Seconds 
0 0B51 
0 0115 
0 0187 
0 0095 


Hence the duiation of the spaik was neaily in piopoition to 
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the length of the string ; for the obseivctl cluiation of the symk 
is : — 

- Seconds. 

0 0816 + 0 0035 
0*0408 - 0 0063 
0*0204 - 0*0017 
0*0102-0 0007 

The first part of the duration of the spnilc is thus exactly in 
proportion to the length of the stiiugj but the second part is so 
small that it may bo consideiecl as arising from eiroi of observa- 
tioiij which was unavoidable. 

It IS thus evident that the result obtained by Pi of Wheat- 
stoncj accoiding to which the duration of the spaik on dis- 
charge by simple metallic conductors is infinitely short in com- 
paiison with that ascci tamed in the present case^ is in ducct 
accordance with this result 

D. Application of the Dynamometer to the measioement of 
Suno7 ous Vih ations* 

When a rapid altci nation of positive and negative ciirients 
ensues m a conducting wne^ the continued motion of the eloc- 
tiicity becomes eonveitcd into an oscillation. An oscillation of 
this Kind cannot however be observed by means of a galvano- 
meter (for instance^ a sine- oi tangent-compass), because in this 
case tlie effects of the successive opposite oscillations destroy 
each other. 

Uni the case is diffeicnt with the dynamometer^ in the iw*o 
coils of which the direction of the vibration always changes 
simultaneously, and ni wdiich the deflection observc<l is in pio- 
porliun to the squaio of the intensity of the current j for it is 
self-evident that the simultaneous change of the direction in both 
coils can c\cit no influence upon the action, because in the dy- 
namometer a negative emrent transmitted through both coils 
produces a deflection towauls the same side as a positive cuucnt 
tiansmitted through both coils. The ocourience of the deflection 
of the dynamometer to one side or the other does not, as in the 
galvanometer, depend upon the direction of the transmitted cur- 
rent, but merely upon the mode of connexion of the extremities 
of tlie wmes of both coils. 

Bui nn electric vibration may be i caddy produced in a con- 
ducting wuG by a mngneU/ed steel bar vibiatmg so as to produce 
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a musical sounds when one poition of the conducting wiic, foi m 
mgasitweie the inducui^ coil suuounds the ficeMbrntiUt, cud 
of the bai, so that the duection of the vibiation ib at light angles 
to the plane of the coils of the wue All Mbiutions of the bin on 
one aide then pioduce positive cuiicnts m the wiie^ and all the 
vibiations on the othci side pioduco neg itivc cuiients, which tol 
low each othei as lapidly as the sonoious vibiationa themselves 
When the ends of the wiie of the inducing coil aic united to 
the ends of ill it of the d}n unometi i, a deflection of the hittci 
duimg the vibiation of the bai is obseivcd, which can be uc 
ornately mcasnied Has deflection icmains unalteied so long 
as the intensitj of the sonoious vibiations lennins luialteicd, 
but speedily diminishes when the intensity ol the sonoious 
\ibiations diminishes^ and when the amphtiuU of the sonoious 
vibiations has fallen to a h ilf it then unounts to tlic louiUi pait 
only 

The dyiumometei thus piescnts a means of estimating the 
intensity of sonoious vibiations, which is of impoitauee, be 
cause methods adapted to these measuicments aie still much ic 
quiied 

In addition to the investigations which we ha\L hithoxlo con 
sideied, and which aie biscd on the use of tlie dynamometci^ 
thei e ai c otheis which w ill bo subsequently Ucat cd ol, wUen some 
modifications in the consiiuction ol this instiuinent foi special 
objects will also be moie acciuatcly detailed 

0\ THE CONNEXION Ol TUP TUNl) VMI Nl AE P^INOIi EE 01 
Eleciuo DYNVMtcs wun xHVi 01 Li ronio SI Altos 

The fundamental pi mciplc of clectio statics is, that when two 
electiic (positive oi negative) masses, denoted by o and mo at 
a distance 7 fiom each othei, the amount of ilic foice with wlucli 
the two masses act lecipiocally upon each othci is expiosscd by 

C6^ 

7 7 

and that lepulsion oi atti action occuis accoidingly as this o\ 
piession has a positive oi negative value 
On the othei hand, the fundamental piiuciplo of electio clyna 
mics IS as follows -^When two elements of a cuuent the lengths 
of which aie a and and the intensities i and and which me 
at the distance ; fiom each othei, so that the dncctions in w Inch 
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the positive elcctiicity in both dements inoies, fuim ^Mth ench 
othci the angle e, and with the counccling light line the angles 
@ and 0^, the magnitude of the foitc \Mth Mhidi the dements of 
the cm lent iLcipiocally act upon cadi olhei is dcteimined by 
the expiession 

_ (cos 8 — cos 0 cos 0% 

and lepulsion oi atti action occuis accoidmg as this expiession 
has a positive oi negative value The expiessions of the iota- 
toij momentum cveited by one coil of the dynimomctei upon 
the othci^ developed at p 502 and 50^, aie all deduced liom this 
fundamental pimciple 

The foum) ol the tuo iundamcnlal pnneiples mcniioncd le 
fcis to Imo clectuc masses and tlun antagonism^ the lallu to 
two elements ot a ciuicnt and then aniagoiusm A moie mil- 
mate connexion between the two e m only be attained byieciuiing, 
hkcwi^'o in the case oi the elements of the cuiientj to the con 
sideiation of the deetue magnitudes existing m the elements of 
the euMcnt^ and then antagonism 

Thus the next (piesiion is, wlmt clcctiic magnitudes aie con 
tamed m the two dements of a ciuiont, and upon what mutual 
lelations ol these masses then leeipiocal actions may depend 
li the mass of positive deetucily in a poiLion o( the conduct 
mg wile equal to a unit of length be icpiesdited by 6, and con 
sequently llie muss of ilu positive da ti icily eoutained m the 
cleiiK nta of the ciuu nl, the length ol which is «, liy a 6, and if 
11 indicates the vdociLy with which tlu mass moves, the pioduct 
eu e\pi esses that mass of positive dceliieity wliu li m n unit of 
time passes thiough cadi scetion of the eondiidmg wiio, to 
which the intensity oi the cmieiiC ? must hi (onHidcxed as pio- 
poiUonal, hence, when a cxpicsses u constant factoi, 

a eu ^ i 

It now ue icpiescnt the mass of positive deetucily lu ilio ele- 
ment of the euueut «, and « its vdotiiy, — * e lopiescnts the 
mass ot negative dcctueiiy m Uie same element ol tlic cunont, 
and — u its velocity 
We have als<f, when 

a li 

cl 0 as the mass of positive clectueity m the second element of 
the ciiucnt and li its velocity, and lastly, — as the mass 
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of negatue elccliicity^ and — v! as its velocitj If no\^ foi z and 
in the expiession of the foicc which one cloiiKut of a rniunC 
exeits upon anothei, then values t at H} wnd adzt^ luc 
substituted, we then obtain foi them 

— ^ ^ ^ ^ a a u ti! (cos s ^ cos O cos O^) 
z 7 


If now we fast considei in this cxpicssion a as tlic pio 

duct of the posihic elecinc masses ue and m the two clc 
ments of the cuueiit, and zzii as the pioduct ol then ’sclocitics 
u and zt\ and if we denote by i the \aiiablc dist met of these two 
masses in motion and lastly, by and i>} the length of a poi lion 
of each of the two conducting wucs, to winch the clcincnta of 
the ciuient a and a! just consideicd bclouf,, (stuualcd liom 
a definite point of oiigin and piocecding m ilic diicction of the 
positive electiicitj, as fai as the clcintul of the (uucnl nuclei 
considei ation w e then 1 now that tlic cosines of the tw o angle s C) 
and O', which tlie two conductin^^ wiics in the siiualion of the 
elements of the cuuent mentioned loim with the eonneeimg 
light )mc may be icpicscntcd by the paitml difleicntial coef 
ficicnts of 9 ^ with lespect to and ^/, thus 

COa@=:*^ C 0 sO'=: — , }, 

ds^ dsj^ 

we then have 


COSfl 


dd z ^ 

^ ^ ds^ dsj 


dj ^d ) f 
d V, d^^l 


as the cosine of the angle a winch the dncctions of the two con 
ducting wnes foim with each olhci Moicovci, if tlic difleien 
tial coefliciGiita above mentioned be subatituied foi the cosines of 
the thice angles 0 and O', wc have 


ddi , \ 

\2diiidil 'dSidt]/ 


fj ff U 'if 'il / 

as the expiession of the foi ce with which one element of the 
cm rent acts upon the othei 

Secondly^ if in the above expiession, —uc «' e' bo consideicd 
as the pioduct of Wxepiosihve electi ic mass « e of one element of the 


cmient a into the negative elcctiic mass — a't' of the othcii elc 
ment of the cuuent a', and — ww' as the pioduct of then vclocitu s 
n and xi moieovei , if the vai lable distance of these two moving 
masses be denoted by ?,;and by if/ and the length of a poition 
of each of the two conducting wnes, to which tlic ehnicnts of 
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COS o' = 

(Is, I 


(lr,,dr„ 


the curient under coiisidei ation belong, taken fiom a definite 
point of oiigin, and proceeding in tlmt duccUon m Inch;, in the 
fiist the pQSiUvey m the second the negative clectricily runs, iis 
ihi* as the element of the cuirent mentioned, we obtain in the 
san:ie manner 

cos© = 

(IdTu ... 

cos e — ^ d d sj d Sf d 

On substituting these values, we have the following cx]nrssion 
for the force with which one element ol tlio cuirent acts njion 
tliG othei * — 

ae.cdd I (IdTud?., 

\2 dSfdSfl 

iFp thirdly y we consider in the original expression im 

the pioduct of the negative electrical masses ^ ae and ^ 
into the two elements of the cuirent, and %iiji as the product of 
theii velocities — n and — xiy and denote the vnriublc distance 
of these two moving masses, and lastly, s^f and sj doiiolo llu» 
length of a portion of each of the two conducting wires to whirli 
the elements of the cuirent under cousiderntioii belong, 

Intcd fiom a definite point of ougin, and piocoeding m that 
diicclion in w'lnch tlic negative elccti icily runs, ns fur as the elr« 
menfc of the nirrent luulci consideration, we have 




cos © 2=5 — 


COS a 


(ISfl 


d?*fif d 


On substituting these values, we have a thud ox^nvHHlmi (or tlio 
foice wdth which one element of the current acts upon the other, 
namely, 


a e ,ol d 


^ a an iv 


•G 


(l I'll, dr, I, 

ds„di‘„' 


' ds„dn,l)' 


In fiiiCj \ifJourlhhj, in the origmal cvproHSifm we {'oniHKlcr 
— « c . «'e' ns the pi'otlncl of the netfcilm' elccliic ninss « c of 
the element of flic current a into tlie posiltiw electric iiiasn a! o' 
of tlie element of the ciiricnt d, atul — uu' ns llic protliicl ol 
their velocities — u mid «'} ifj imiicovcrj r„„ dcsijjfiijilc Iho vii li- 
able distance of those two moving masses, and s„ niicl a/ the 
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length of u poition of e'lch of the tno coiuliu ting m iicSj to mIhcIi 
the elements of the cmient nndu consicluiition lx long, calui 
latecl fiom *1 defined point of oiigin, piocctcling in iluil diitction 
in which in the fiist the uBgativt^ in the S( cond the pOi>Uivt cite 
tiicity luns^ we h-ive 


cos 


0= cos O' = - 


COS e . 


d(h 


im 


d 9 / 

d d v/ 


It now these values be substituted wc Imvt tlu loinlh c\picssiou 
of the force with which one element of the cuiieiit u( Is upon the 
othei, viz 




a e 




[2 (U,dsl 

Now at that moment in which the chotiii nuissts alluded to 
ocelli in the two elements « and the disluiiK s if, i n, 
have 'll! the same \ duo, which is cvpiissid by / lldiic llio 
foui expiessions of the electi o dj natuic fin ( c ill the Lw o i li mi ills 
of the cuiicnt « and «' become convcitcd into tlu lolI()wii% -> 

dG ex 


1 1 


ae a 




7 1 


ue 


a! d 


1 7 


ue 


1 1 


aau 

Vi da,di'. 

ddi, \ 
~da,dsj )* 

(i) 

aauu^ 

V2 d a, d a,l 

ilda„ \ 
da,da,l/^ 

(J) 

aaiiu^ 

V2 da„ds,l 

J(l)i„ \ 
ds„ il s,//^ 

(■3) 

aaii%i 

(- nil „ j 

Vi da„dal 

da„df}’ 

(0 


fiom which we can constmet the fiRh tx|iius8ion, vu (5 ) 
uu’ 

4 L2 \c(s,(ial 


ue old 


d^(hj 


(; 


dd^i 


d'i 

d d d 9^^ dSi 


f) 


dd'i 


da,, da, I 


\*1 

d a„d aj/ J 


<ds,dsl da, da,,' 

The foiu vat lablo distances ? ,, j r„„ a „„ ai c'liow i cspccti vtly 
dependent upon the vaiiable miigintiulcs ot flu pallia s, and s' 
s,-mi\s„' s„ and s,,', s„ and s,' tluoUoh which llie moveable 
masses to which they lefei hue passed in the two ^uen con 
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ducting vueibj md which consequently avc again fuuclionH of 
tile time t* On developing then complete cliflcrentiula, wo 
liave 


(Is,, 




rf.v/ 


moreover^ 


/7/7-, — !l^lZ)ffl fjo ^ M O im /l<f /7 O / J ^Llihui (I V ^ 


d d Vf 


dih\ 


12 


If these differentials arc icspcctivcly divided l)y the elcineulH 
of the time di^ and Uicir squaies di^^ and tulnutUng iluit 


\vc have 


(l!j_ (I su „ ,. (I «/ _ (i«,l „ ,., 

dt-iU-"’ 


dr, dr, , dr, 

-!«'■=■ “7;., "^‘‘-.n'r 

— f. *h II. -L u' 
dt "" " ds, ' " f/s,/’ 

d ? *11 ?*j» j I I d Vfif 

. Tf" ’■"di* “ ;/»?' 
~«' = «!?/'"a-Hi’-/Vi 

a.v/ ^ 
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moieovei. 


dd) ! 

11 

ddi f 

1 

0 Qi 'iJ^ 

dd'i ! 

*1- id id 

ddii 

dt* 

dsi 

'T 

^ Ui w 

ds,d ?/ 


dsj^ ^ 

ddiff 

df^ 

= uu 

ddi n 

ds} 

+ 

2 u id 

ddi „ 
dsidsil 

1 id id 

ddi 

d^>*’ 

ddi,„ 

d£* 

= lilt 

ddi 

ds,* 

+ 

2uu' 

ddi 11^ 
ds^id^J 

( id vl 

ddi III 

d9,l*> 

dt* 

^uu 

ddi„,i 

ds,. 

+ 

2uu’ 

ddi iin 

d s d s 1 

+ id 

dd9,,„ 
d sj* 


riom the foul hst equations wo get immeduitely 

ddi ^ 


^ , dd'i, . ddit 


^ / dd'i , I 

— 2u'ijl ^ — 


2u%i 


dsjdsj 

AAlni 

7lJ^d s^l 


= + 


dt ‘ 

d d 1 fj 

dt^ 

ddi III 

dt^'' 


dsi^ 


t I ddu 

dsj^^ 


, d(h 

I- 


dd'i fu 
. ;4 ^ fU 

ds„ 


" i n'li' " 


. u< id lid! ’>11 
d 9,1^ ’ 


D < 


d dr 


dd? 


d Sji d 

Now the diffei cntnl coefficients ", 

a V “ ' d 9, 


dl^ ^ d<t„^ ' ^is/i 


, f/V 

the same value, M hich is clepcnckut mtidy upon the position 

and foim of the Ji^si conducting, niic, and which \h filmll denote 
~d^ applies also to the diffuenlinl cocflicicnls 

d d) ij d di jfi d d Tim /» t i -» 

~dsj^ 'dsj^^ of Mhich denote the same inagmtudesj 

which are dependent meicly upon the position and foim of the 

second conducting niie, and which foi bicvity m o shall denote by 
dd? ^ 

^^,2 Un summation beai mg this m mmcl, have 


} ti , 

ds/ 


dd}, 


^Sid sJ ^ ds^ds]' 


dd} 


iiu 




it Sff d s/J 


~,rr 

dl^ ^ Jl /« 


d d 


nil 


dt^ dV ' «/* - dt^ 

ufhaiT equations, aftci they Imvc boon sqnnicd, 
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n \ <d'i i 

_ 2««'4 ^i = - 

d a s^l 

= + 

flo„dsJ 

— Q It u< —Kl lJ .lllJI = ~ 


I t (1 ^ ^ 

H ’’-f .-p . 


ill.? . (h .? . f f di 

-jf -• ”“7.y + ” “ 7i7>, 


d d s/ 


- u u ~"V - w' w 

d d s,,^ d S/l^ 

—HU (- it n 4 u< u< ~ “II- 


Now the diflciential coefficients ^'3, 

tlie &ame value, \vhioli shall be denoted by as have likewise 

ifif Ts> ^ 

sutnmalion, keeping this m vion, no ln’\c 


VA.dv/ d<t,ds,l^ dt„d-,,l 


_ ihiiiAiiiii) 

dSffdsI / 

iL“ .ijm . 

ili^ ^ di^ 


On substituting these values in the fifth cvpiession found loi 
the elcetio dynamic foice, it becomes 

at odd aarfdi? (ha . dUx? du^X 


Kdt^ di^ '*■ dP 


an e\picasion which may be icsolvul into the foui following 
mcmbeia — 

a e cd J « « / /® __ „ ddti '\ 

~ r.j, lb \ d/* dl^ J‘ 


r,}, lb \di^ 

‘iS. fl n / dt/^ 

7^, \b\dfi 

ttf «' c* a a f (li ju 

X ml m tb \ dt 


« df^ r 


j 3 ^ \ 


hm‘‘im 
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Each of these foui membeis icfcia cxcln'sivcly to iit/o of the foui 
electiic masses distinguish cd in the h\o (Uuicntmt thi cuiuntj 
VIZ the^?9/ membu to the jiositivc massc.'^ at nml t' 

the lelatna distance of which is 7 vclouiij iml u< < ih uiUou 

the second to the positive mass uo in thi tuBtj and io llu 

negative mass in the second clement^ th< idutu « ilisl luu c 

of which velocity anti accelciaiioii so on , 

ami m fact all foui ne munbeis ol the maas(s io whuh tbiy 
lefei, the distance, velocity and acccleiaiion of wIik h ilu (om 
posed m exactly the bame manne) 

Hence it is evident that if the cntiie cxpicsaum of the cl< c ho 
d-snamic foice of two elements of a cun cut b( < onsidti c d aa the 
sum of the foices, which eich two of the foui ektliK inassi s 
they contain e\eit upon each othei, tins sum aoukl b( ditom 
mio 11% ouyiml co7iMuuHs the ioiu abo\c uutobi is ic 
pieaeuting individtully the fom foicos uluch (be ftiui chehu 
masses in the tuo elements excit in pans upon tmh otlu j 
Hence also the foice with Avhich any positive 01 uc/^atn < mass 
E acts upon any othei positnc oi mgativi mass 1 i\{ the 

distance R, with a >ehtivciUocity()f''^,Hn(Iuc(<l(iHlum 

a i (11* ’ 

may be expi eased by 

ua LE' 


LE' /( 
RR V 


fill this fundamental piinciple la necessai y nutl at llio ■mnu lime 
sufficient to allow of the deduction ot Ampt'uS clc( ko il-j ijiuiut 
laws which aie confiiincd by the alioyc iiK usmcuients 
flowevei, this new fundamental pimu])lc o( tlcotio tlyimnncs 
8 m Its natme inoie^rcno, «/ Unn that tmnicily laid dou n l,v Am 
p§ie foi thehttei lefus menly to the special uisc, m whu li fmii 
lectiic magnitudes aic given at the same tiiut, HiilnitL to llio 
omliUon, p,„„„,,d a, mvauabij Annul, „l 

« ‘ T ' “ lo Ha «l)ovc icinclilioiis 

l» '"upl, , uni 

. w"’'^ ■" ,vl,L II, i fo.,„o, 

8 inapplicable hence its greatei utility 

If, lastly, the newly discoveied fundamental piinciplo of elec 
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^io-dynamics be compaiecl *Math the £tuulanu'n1ul piiiifiph* ol* 
^lectio-statics mentioned al the commcnoeinenl, w c* ncr thiil riH'h 
^stimates a foice which two electj loma^sitvs* vxt^vi u\um (‘arh ol In r; 
that in the case*? hitherto consicloied, nm* ol (iin Iwo iWins 
^®^ppears each tune, whence the other only ic(|nurH ciMOii- 
delation. This occnisJi7st in all cases \vlu< li l)clmi|^ (o ih^rlin 
statics, because heie the force cletcrmnu'd by tlic ihmv piinnplo of 
Giecti Os-dynamics always disappears ^ hut it hIko o(umus, svti/fnth/^ 
all cases belonging to electro-dynamics whudi Inivn yri nnme 
^nder consideiation, wlieie rolaiions me rouslanlly pK^-snpjiosrd 
o exist, in which all foiccs estiiimled by the pimcijdr of ob'cno- 
statics aie nmtually checked, 

-I bus the two piinciples aie coniplcmoutiuy Co onch otlin, and 
iience they may be combined to iorm a grmnal rnmhuurnhd 
puneiple/£ir the whole theory of elvcivieifyy which comprises Imdi 
eiectro^statics and elcctro-dyiiamics. 

y the fundamental princijde of elcctro-aliitiew, u fuicc 

_ JiVJ 

^ inr 

vvas found for two clcchic masses K ami hV nl I ho (Iiahmco K , 

thatyieldod by llu’ novr pnii. n.lo 
>t eiectio -dynamics, ' ' 


R i <y /dir*! 

1«* lUi “ 


2 ll 


(U^ /’ 


ve obtain, as tlic general expression for iho 

ion of the fmcc xvIucIj any olcttuc inusa J-', 
t , « hetlier at rest oi m motion. 


roiiijih'lc tli'ti'i'iiiMm 
oxi'ilM upon ntnilhi'i 


EJS' A _ «rt 
iill V Kf 'itii 


H ■ ///■< } 


Pot* a definite magnitude assumed for l)i< 

le time, in which a = A, this evjtrossiou 


• purpoftc ill liu 
heroiijos 


‘fsurnija; 


iVii V* - 


I If i> 11- \ 

' “ rt/« )■ 


Mo, -cover, »u,, posing ll,„t l„,i|, l| „„a ''Jl 
.nsc,.,cnllj, Ihsl ^ u to l.o rogortotl ,m „ 
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^^e bhall denote by [B], we may also sny that the yjo/ew/m? of 
the mass Ej m legaid to the satiiatioii of the musa J' \ is 

foi the pai till diffeiential coefficients of tins cxpiesBioUj uith le 
spect to the tin ee cooidinitcs jiclcl Uk (onipniiLiUs of 

the decomposed iccelei atin^^ foict m the dncotions of tin thicc 
CO 01 din ate axes 

Listl} if by the i educed 7 elaiive velocihj of the imisscs h luul h 
we undei stand that lelatuc veloLity 'v\luch these inuf^nitmkSj— 
the distance of ^\hich apait nt the moment supposul wm tlio 

lelative velocity and the accclciation’^^^p^, ^(/lo latlei lucre 

constanty — \^ould possess at that instant in Inch boih^ in aceoid 
ance ^Mth this supposition, met at one point, and if V denoted 
this 7 educed 7elahve velocitijy the above cxpiession, 


EE' / 

inrO- 


dW 

dfi 


+ 2 11 


dd ll> 
1i¥ } 


becomes conveited into the following, 

P. P' 

which may be\eibally expicsscd as follows —lha dimimtion 
mmng ftom motion of the foice with which two deciuc masus 
would act upon each othet when they ai c at i cii, is m propo) hon 
to the square of then i educed lelulvot velocitif 
rhus the expiessions given foi the dclcunmation of llio foico 

which two clectiic masses eveit upon one auolhci aie now con 
tirmed — 

1st As legaids the entiic domain of clecfio statics 
2nd As legal ds that domain of elcctio dynamics tho object of 
winch IS the consideiation of the foiccs of tho elcmeiitH of tho 
cuuent when iinaiiable and undisluihcd , licnco 
Sully Its confiimation isicgaidsall IhnLtloinam ofdcclio dv 

of the elomcoee of the oui.o.,1, „ „u i,,.„ 

Tiieoki OrVOLTAIO Induciion 
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\vlieic foul eleefcne masses occui imdu the conditions piomised 
to cKist nhcic two mMinable and uudistuibed elements of ^ cui-^ 
lent ue conceincd Uiulei conditions wheie these pi'cmiscs 
do not eviotj the new fundament il pimciple only can be ap^ 
plied fox the apiion dctei mmation of the foices and phxno 
mena , and it is exactly in this ^\ay that the gicatei advanUge of 
the ne\i pjinciple^ aiising fiom its moic geneial application, will 
be exhibited 

T]ie case in which the punciplc of electio dynamics laid dow n 
by Ampue is inapplicable, thus occuis e^en when one element 
of a cuiient is distmbed oi its intensity vauca, in addition to 
wlych it may also happen, th it instead of the othei element of 
he cuuent, one clement only ol the conductoi of a cuiient may 
be picscnt, without howc\ei any ciment bung piesent in it In 
fact, wc knowfiom txpeutnee that cuuents axe then excited ox 
induced^ and the phxenomcna of these induced cinicnts aic com- 
prised uiulu the name of voltaic tnduclion ^ but none of these 
pheenomena could be picduted oi estimated apnoit cithei fiom 
the pimcipIe of electio statics ox the pimciplc oi elcctio dynamics 
laid down by Ampcie It will now howevoi be shown, tint by 
moans of the new fundamental piinciplc as laid down heie, the 
laws foi the hj)noii dcteirnination of all the phxnomena of vol- 
taic induction may be deduced II is cMdcnt tint tlie laws of 
voltaic induction deduced in thismannoi aie coiicct, so fai only 
as we aie in possession of definite obscivations 

Foi the pm pose of this deduction the magnitudes conccincd 
may be denoted as follows — « and &! denote the Icnglli of two 
elements, the foxtnoi of which, is supposed to be at )e$t 1 his 
supposition docs not hunt the genu dity of the consideiation, 
because evuy movement ol Iho cUmuit « may be liansfuicd 
to cjy by attubuting the opposite dncction to it in The foui 
followang elecUiG masses aie dibtinguished ui these two elements, 

VIZ — 

d uc^ -- a Cy + d 

^\\Qi first of these masses f u e would move with the velocity 
+ in the dueetion of the quiescent clement Uy which foi ms the 
angle 0 with thff light line dmwn fiom u to a! This velocity 
duimg the element of time di would altu by -f du 

Tbe mass would move, in acroi dance wuth the 

doterminntions iclatmg to a galvanic unicnt, in tixc same dnec 

VOT V UAUl \x N 
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tion as the velocity — u^i a bickwaiclsj and this velocity cliuing 
the element of time dl would altei by — du 

The^/md mass + a'e* vould move with the velocity ^ w' in 
the duection of the dement which with the light lines diawn 
fiom « to a', and pioduced foims the an^le © riua velocity 
in the element of time dl would alLci by H du' Moicovcij 
this electiic mass would itself slni the motion of the rlcmcnt 
which takes place with the velocity « in a diitclion whicli foims 
the angle »i with the piolongcd light line diawn fioin « to and 
IS contained in a plane lying in this light line, whicli Aiitli the 
plane lunninj, panilel with the element « tliiough the same light 
line, encloses the angle y 1 he velocity -w would nltei duii#g 
the element of time dt\yj dv 

The Jowth mass — «'e' would move, in nccoiclniic’c avdh the 
deteiminations foi a galvanic cmicnt, in the duection of tho 
element a!, with tho aclocity — w', which diuiiig the element of 
time di alteis by — du* , but, moioovei , III c the picvtous mass, 
would itself acqune the velocity vol the clcincut «' in the diicc 
tion alieady indicated 

The distances of the two foimci masses fiom the two latloi, 
at the moment undei consideiation, aie equal to the distance ? 
of the two elements themsehes but since they do not leinain 
the same, they may be denoted by »„ jg, 

Lastly, if two planes pass tluough the light line diawn fiom 
« to a', the one paiallel to «, the olhci to ec', w wovild donotc tho 
angle enclosed by these tw o planes 

Then on applying the new piinciple, wo obtain na llic um oi 
the foices which act upon iha postlwe and ne<jttUvt elcctiicily in 
the element a' i e as the foice which moves the element «' itself, 
the following expiession — 

_ — / (ilA j. ^^2* d? di \ 

16 rr di^ dl^ dfi ) 


-2r ( 


ddi^ ddr. 


dl* dl* di* 

But foi the difference of these foicos, upon which the mduchon 
depends, we have the following oxpicssion 


ddi 


ddiA \ 
dt* JS 


aa 

Te 


« e dd 


1 r 


\ (ill 

Wdf* ~~ 


9 


2» 


dr^ di , 
dl* + dt* 


ddT„ 




(ddi 

Kd^- 


d(* 


dii 
dt*/ 

ddi^ 

dt* 


ddi X 
dl* 


)} 
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Moreovei, when, in addition to the motions of the electric masses 
in then conductors, the motion common to them and then con- 
ductors is taken into account, wo have the following e^picssions 
for the first differential coefficients i — 

« cos B -|- W' cos @' + D cos I}, 

(» c 


lit 

dr 


(It 

dr 


lienee 


(It 


^ cos 0 ~ tt' cos 0' + V cos )), 

I 

=5 — COS © — -w' COS & + V COS y}> 

= + r/ cos © cos ©' -F v cos vj» 


We obtain the second diflcrentml coefficients wlion the varia- 
bility of the velocity and v is also taken into account 


dd2 , / rMd%\ 

—T TT — + Sin 0 “ — li sin©^ --77^ 

dr ell ill 


' V sin )j 


(It 


d d ?*o 
~dl^ 


~cos@g-| cosB'^-h cos.,^, 
« sin 0 \ «' sinB' - v sin ^ 

co8©^-co8B''^-i-coa., J, 


<idi\ . .. .... /a/ 


dt 


- = 4* w sin 0 sin©' 


dl 


’ V sin )j 


di 


r^diir dv! , dv 

C08@^-COS@'^ + COS,^, 


Sin © -«'sin0'^'' - 11 sih 


r\dH , 0,1 dll' , uv 

-I- COS © ^ H- cos©' H- COS *1,-^’ 


2 N 2 
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Consequently it becomes 

(ddiy ddu ddis I wsnW- 


(c 


/ ddi I d(h^ ddi^ ddi A 
\ di^ ^ dt^ dfi ) 


— ysin>? 


'1 _ 

</o, 

do, 

( dt ' 


dt 


i/O^ 

_^dO', 

di ' 


" dt 


_dtij 

dy,. 

' dt 

dt 

~'ltt 

>i ftoi 

do, 

, do 

^ ^ dt 

‘ dt 

' 111 

. 'to', 

do\ 

_rfo' 

^ rf/- 

'lit 

dt 


, "'fli 

<hi 

r 

' di 

di 


~4coflO ^ 

The diffeiential coefficients Sec aio easily dc\c 

dt lit ^ dt^ ^ 

loped according to the \ieU I no\Mi laws ot Ingouomcliy and 
we thus obtain the following oxpicssions, v\i — 
d O 

'f 1 = + w sin O — sill coBu> — V am ij cos 7, 

do\ f , , . 

^ 1 =s — sm + w sin O cos co — t; sia ij cos [co | y)| 

dyi, 

»'i -JJ- - — V Sin )) + M sin O cosy — «' sin O' cos (w | y), 

~ ** O + m' sni o' cos CO ~ V sin >) cos y, 

„ t/o'a , , 

rn ~JJ- = + u’ sin O' — u sin o cos » — w sin )> cos (co j y), 

drja 

^**7^ “ • tt'3inO'cos(etf 1 y), 

<;o„ 

^3 ''jj- — h « sin O + m' Bin O' cos co — t) sin ») cos y, 

. , 

d I — ^ ® sm O' -j- j< sin O cos CO ~ w sm r) cos (co + y), 


df — *! + « sin O cos y (- «' sin O' cos (<« H y), 
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= — M sm 0 — ««' sin o' cos w ~ w am ») cosy, 

0/ 1 


de\ 

‘ lit 


■ tt' sin e' — sin 0 cos w — t> sin ») cos (w -\ y), 


/ ,1 =a — y sm )) — M sin 0 cos y — tt' sin O' cos (w I- y). 
a ^ 


Now since foi the moment under considcintioii ^ — ?), = sa r, 

we thus get 

= — 4 It' Mil o' cos w, 

rfif dt ^ dt } 


’■( 


again j 
/ 


— JT/ = -l-4M8mOcosw, 


lastly : 


rfO'a 

+ 

dO'a 

d0V 

dt 

dt 

di ! 

de'z 


de'g 

__ d^ 

dt 


d t 

dt , 

d^2 


d^'i 

_ di)i' 

dt 


dt' 

df. 

dtjj 

1 

dM 


dt 


dt 

_ 

dt ; 


Tlieae values by substitution become 
(d(h\ ^ clch\ dd7a d(h\\ ^ 

' dT^ dtn "" '''' ^ 

ddva . 


\ de 


o , t<t c* / (1 d ?' 


+ “ 't/^O =• —y «tt) sill O sin )) C08 y. 


—4?' cos 0 . 


(hi 

di’ 


With these viihies, the sum of the forces which net upon the 
posihve and nei/ahve eloctricily in the element «' is 


« «' 


~ “ 77“ • f* w • «’ d w (sin 0 sin 0' cos w — J coa 0 cos 0' jj), 

1 / 

If m this equation the angle which the directions of tho two 
elements « and «' form with each other be denoted by »> 'aud> dS 
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in p 511 , 2 and i' be substituted foi nnd a‘ t'ti!) the above 
sum, with slight transposition, becomes 

— „ ((, 0 ^ s — f cos O cos 0^), 

f 7 * 


the same evpiession at which Ainpuo aiiivcd w hcic the eh ments 
of the current are invariable and iindistiubed, i c the clcctio 
dynamic foice acting upon the entae element la detei mined ni 
the same mannei when the conductois nie nr motion luid the 
intensities of tin current \aiiable, as when tbo mteusilics of the 
ciiiientremam invariable and the conchictoi 3 undisturbed lienee 
Ampeie’s law IS of general application m the deter jnmatiou of 
the forces, whicli act upon the entire clement of the current when 
the position of the elements of the cun out nnd the inlcnsilies of 
the cmient are given The apphcnlion of this law mciely le 
quires that the mtenarties of the riuient when vaunble, as also 
the positron vhen variable, be given /oj each indivuhal momuH, 
and fuithei the intensities of the cinients, including ihatirait 
added at each moment in consequence oI mduetion 
But as leguda the diffetenco of the foiccs whielr (ut njion the 
positive and negative electiicity in the elcmcnl «’ by which those 
two electneitres are sepaiated ftom each otlioi, nnd move nr the 
conductor m opposite diieotions, Una now becomes 
a o! 

^ — rr ^ ^ ^ ^ ^ ^ y j] cos 0 cob >?) 

I du 

01, because ft <3 ^ nnd a £ rfwssrfe, 

^ ^ ^ co^ adi 


, ctot > fl 7 

— 1 **" ft cos -n- 

^ (It 

The foico thus determined then tends to ecpaiute the 
and negative electricity m the induced element «' in the dneetion 
of the right hnc » When the conductoi rs linear, hoivcvci, 
separation cannot occui in this diiection, but only m the dnec 
tion of the induced linear clement «' itsoK, which foims the 
angle O with the produced light line r By thus decomposing 
the whole of the above sepal ating force in Lius dneetion i e by 
mu tiplying the above value by cos O', we find the fmcc, winch 
the tme scpaiation^ 
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= — e (i,in @ 8,111 )) cos y — •§ cos H cos tj) .««■'*> cos 

_ 1 fl e' . COB W cos H' 

This expiessiorij divided by e^j gives the rlecli'omotor IbuT 
everted by the inducing clement <c upon the uidiu'cd clciui'iit « j 
in the oidinary diiection, 

= — 2 (sai @ sm n cosy- -J cos H cos tj) . a i> cos H' 

rj ' , 

- 4 ^rtC 08 (H)C 0 sM 

Thia IS thovothre tiiQ ffeneral law of vollaic mdurlh^f Jhrnid^ 
hy deduchon fiom the newly laid downjHndaiinenl(tl pvhwplt^ 
the fheo}y of eleetncity. 

If \vc tiQvf^psty take the case tn which no allenUton ocatTfi in 
the intensity of the cnirenty thus 



^vo have the law of ihevuluclion eoseited hy a comiant vlvment ifj 
a curient njmn the element of a coiidudov moved ayumst i* a* 
the elect) omotive foicc becomes 

= — ^ 2 (sm @ sin 1) cos y ^ cos W cos itj) .av coa 

ov^ wlicii 6 denotes the angle winch the direction of the inducing 
element of the ciincnt forms with the direction in which the in- 
duced olcmout itself is moved, by a trausfoinuiUon wluoli ih 
readily made it becomes 

^ ~ i (cos — I cos @ cos >}) . a v cos Wh 

The induced current is positive or nvyaltve ncctnding as ihia 
expression has i\ positive or neyalive value \ by a positive cuvreut 
being iindei stood one, the positive olcctricily oi w'hicli niovofl in 
that ducction of the element a!^ which with the produced right 
hue r forms the angle Ok 

Now if e, g, the elements « and arc parallel to cacli otliori 
and if the ducction m which the latter is moved witli the vclp^- 
city V IS oontamed witliin tlio plane of these two pavnlluls^ and 
at light angles to their direction, wc have, when hy Us motion 
recedes from 

@ =3 @k cos Yi sin fc), cos 0 0 j , , 
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consequently the electi omoiwe foicc is 

= + 5 — I sm B cos^ B ai 

1 his value is 'll ways positive^ beoaubC we must consiclci 0 < IbO^ 
and this ponhve value heic denotes an induced ciiuent of the 
same dnection as the inducing cuiient in ronloimity uith that 
Mhich has been found by expenment foi this case 
Undei the same conditions^ \uth the diflFcienct meicly tlmt the 
element d hy its motion becomes appi oiimated to Hk dtmcnl ay 
we have 

e = O^y cos ))=;—. sin 0^ cos e = 0 ; 
consequently the electi omohve foicc becomes 
uo^ 

= — § — ^sin6coa^0 av 

The negative value of this foicc denotes an induced cuuent^ ui 
the opposite dnection to that of the inducin^^ cuuent^ also in 
conformity Mith that found bj e\jiciimcnt foi this case 
As IS Mell I noMn voltaic induction may be jiiocluccd in t\io 
essentially diffeient \^a 3 s, foi cuuents miy be induced by 
constant and by vai table cunents It is pioduccd by constant 
cm rents eithei uhen the conductoi tluoi%h mIucIi the cuucut 
passes IS moved touaids that conductoi m Mhioh a cuiiont is 
about to be induced oi vice vend It may bo induced by 
vanable cuirenta even mIicu the conductoi tlnough wlucli the 
vauable cmient passes Kijmains undistuibcd as icgaids that 
conductor uf wkich a current is about to be induced 
Just as the particUUr law of th<^ jfliist kind of voltaic mcluctiou 
was at once found from the g^neial latvs o/ voltaic induehon do 
duced above by the conditional equation 



so we also find the pcculiai law of the lattci kind of voltaic in 
diiction by the conditional equation 

v^O 

Thus if wc take, secondly y the case in uhich no motion qf the 
condiioton as regards eac/ioihei takes place y oi wheie v 0, the 
law of the tndmhon of a variable cuneni upon that element of a 
ciment winch is not moved as legaids it, oi Che Aaluc of the 
eiecivomohie foi cc becomes 

(It 



OP EliEOTBO-DVNAMIC FOHCKS. 


529 






Hence the induction, during the clement of time d t, e. the 
piocluct of this element of lime into the noting electromolive 
jtorce^ becomes 

^ rk/ 7. 

^ ^ COS © cos O' * il u 

2 ) 

conse(]^uently the induction fbi uny peiiocl of tunc in \\hicli tlic 
intensity of the induced ciuient increases by i, whilst r, « mul 
remain unchangeeb is 

^ COS © COS ©'• 

2 r 

*Tl\e posilive value of this cxpicssiou denotes a cuircnt induced 
in the element in the dnectioii of with the pioduccd 

1 ight line r foims the angle ©^ j the neffativc value denotes nu 
induced current m the opposite direction. 

When the two elements a and a! arc parallel, and © « 0^ the 
above expression, when the intensity of the current is 
oi whexe the value of i is positive, has a negative value, i. e^ when 
the intensity of the cunent is on the increase In a current is 
excited in &! in an opposite direction to that of the inducing 
cunent, The revcise applies when the intensity of the cunent 
diminishes. Both results agicc with well-lvnoun facts. Tlic 
piopoitionality of the induction to the variation of the intensity 
i of the inducing current is also in accoidanoe with cxperhnoiit. 

Lastly, if ue letuin iiom the consideration of these two distinct 
kinds of voltaic induction to the general case, uheic at the same 
time the intensity of the inducing current is variable and the 
txvo conductors are m motion as legaids each other, the electro-* 
motive force exerted by the variable clement of a current ujxon 
the moved element of a conductor is found to be simply as tho 
sum of the electromotive forces which would occur — 

" 1. If the element of tho conductor loere mi tn motion ati tho 
moment under consideration 5 e ' 

2. If the element of the concluctoi were irt motion, but tlio 
ijitensity of the current of the induced clement did not alter at 
the moment under consideration. 


% 
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Amu 11 W 

Memoir on the Noctiunal Coohny 0/ Bodies i^tpo^od to a fuu 

Aimosj)he)c m calm and auenc tVcalhu ^ and on iht HSuUuit; 

Fhconomena neai the Cai iWs mijacc {htcond Ml moo ) Btj 

M MelliOnti^ 

[Read to the Ro\nI Academy of Sctoiico<i of Naples ni tlio 2hd t)f I ebuuny 
and Oil and )0th of Mmoh 1S17 | 

The expeiiments desciibctl la the lust Mcmoii (p na) 
tended to piove — 

1 That the emissive ponei of metals is mudiMttilci Ihnn 
has been hitheito supposed, and tha( a Lliciinoinctii coiiluuiul 
in a tin oi coppei case, exposed at iii{,ht in tin niRldlc of lilt 
fields at a distance fioin substances which ladiiilc htiit sUongly, 
indicates \eiy ncaily the tine teniptinluic ol tin, Htiatuiu ol an 
in winch it is plunged, la hntevti be the stale ol the sky and the 
calm of the atmosphci c 

2 That two thcimomolcis, aimed with tlicii mctiilhc eases, 
one of which is polished and the othu coven d with lamp black, 
suspended in the ficc nn by tlucnds oi lubes cl intlal, at the 
same height, and dining calm and cteai vventhci, always mnik 
different tempciatuics, the blacl cned thounoiuotci being con 
stantly lowei than the polished one 

3 That the diffeienco between the two indiations ilisnpponis 
under the influence of a stiong Mind, oi ofa sky covcied with 
clouds and is consequently the icsult ol the unequal lachation 
of the theimometeis tonaida space, ns has been athniUcd in 
physics with lefeience to the noctmnnl cooling of plants, miioe 
the labouis of ells on the subject ol dcM 

4 That the effect of the indialion ol lamp bhu It is ncverllie 
less greatly infeuoi to that which la genemlly altubulod to vege 
table substances, foi instead of 7® oi 8°, it is 1® fi oi 1® 7 ui tlio 
most favomable cncumstanccs, which cannot be asuibed to nn 
in eiionty in the emissive powci of lamp black ns coiniiai cd with 
vegetables, but lathei to the faulty method employed foi dclei 
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^inino; the tempeiatiiics of the lur and of the plants , m hiclj U 
substitute a vegetable leaf for the Ifunp black in the arrange- 

ent adopted in om experiments, the cohl produced on tho 
tliertuometer is no more than from 1° to 2°, as in the observu- 
tions above named. 

5 . That cotton and woollen stulla communicate to the Ihci - 
“fiometers degrees of cold thiec or four times as gmil tis llumi* 
oljtained by means of lamp-black and vegetable leuveaj that 
sticili excess is diminished by condensing the nuillcr loiind the 

of the thermometer, and is reduced to the fraclion of u 
tlegaee in the case of cotton and woollen stuffs of fine and clom* 
te^ctuie, whence it follows, that the gicatcr energy of thcsii kuIj- 
stanecs niiscs scarcely from their greater ladialing jiow’or, hut 
fi'oiia the air interposed between the threads of which they arc 
foi'med. 

6. That the degieo of cold duo to the nocturnal ludlation of 
tioclies, does not vaiy with the vaiying temperature of the atinu- 
sjjliere 

We shall now endeavour to prove that certain nocturnal dif- 
fer exices of heat, humidity, and aqueous precipitation, do not 
ariscj ns is tacitly admitted in Wells’s theory, from the diiccl 
action of the cold due to the radiation of plaids and from the c\- 
poseci poitions of the ground, and that almost all the fuelH 
''vliicli precede and accompany the formation of dow, result I'loni 
tho pr*esence (of shoiter or longer duration).of tho air uioimd the 
i'acliuting suifaces. Consider, lu tho (list place, a large inul I'cr- 
tile jneadow, well furnished with grass, where the phiunomciioii 
of clew IS developed iii all its gloiy, Siqiposc the nir to be (‘iihii, 
the shy puie and clear. In oulci to make llic leasoniiig dciircr, 
omit the consideration of the higher regions of the atmosphere*, 
and let us divide the icst into two strata,— -the louw, which 
acax'cely rises above the grass of tlic meadowy the htfjhcr, u'hioli 
extends upward fiom this limit .30 or 40 metres. And ullhough 
expeiience has shown ns that the cold due to tho nocturnal ra- 
diation of plants, that is, the louoiing of their temporaturo below 
that of the suuoundmg medium, sometimes reaches 2”, let im 
suppose it to be only 1°, and lot it not bo forgollcu, that this 
of cold ts cflwoys the sttttiC) whuleocv be the lempcf uhit'c ef 
tliC! £ttf)iosj)hn e, 

1 £ the air 13 at 20°, the higher jjortions of thg grass nil! <lo- 
sceucl to 19° a few nunutos altei sunset i the air in contact with 
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tliem ^Aill be cooled ^m 11 descend into the mieiioi of the meadow ^ 
and leach the giound Ihis movement ol descent the 

lenves and stems will nccessaiily lestoie to it a poitiou of the 
lost heat^ and will foice it to icasccnd ton aids the lughei pail ol 
the meadow wheie it will undcigo a ficsli coolin^, whicli will 
cause a second descent^ and so on so that; the aii ol the meadow ; 
01 of oui lome) stiatuni; impelled by two opposite influences 
will soon take a ciiculatoiy motion; cntiicly analogous to that 
obseived m the watei of a vessel placed on tlio flic ihe coUl 
pioduced at the siuface of the meadows will be giadually turns 
mitted; by this aeinl cnculation; to the lowei paiLS; winch will 
also be cooled, and on the othei hand, both by ladmtion and 
by then contact with the siipeuoi poitionol the stems, the tcni 
peratuie of the whole mass of an winch is put in motion in 
the inteiioi of the meadow, will fall Suppose it sunk to 19° 5 
Now, accoiding to the law which wc have just icfeucd to, the 
glass ought to mam tain itself constantly below tlie suuoiindmg 

air it will then have ucqiiucd half a dcgiec of cold, and have 
siinl fiom 19 to 18 5 

By lepeating the same leasoning m these now conditions of 
temperatuie, it is evident that the an will fall to 19^ and the 
grass to 18 Aftei tint, the an ai i at 1 8° 5, the glass w ill 
descend to 1?° 6, and so on in succession, so that by the actiOTi 
of the glass on the an and by the }ea€fio?i of the an on the 
graiss the tempeiatme of the lotoc) $i)aium will be giacUially 
lowei ed seveial degiees and the space encinnbeiccl by the hcib 
age of the meadow pieseivmg all its vapoui, will neccssiiuly ap 
pioach the state of satui ation Ihen, the ihci momotoi inlioduccd 
mto this space will maik a tempeiatme much lowci than that 
of the highei stiaimn the hygiomctci will thcie be kept noai 
its maximum of humidity, and the slightest degicc of told will 
suffice to piecipitatc the aqueous vapoui oa the bodies winch 
\ie immeised thciun 

Befoie studying the distubutioii of the dew and of iho cold 
at diffeient depths of the meadow, let us lemiuk, that ihe extm 
ordinary loweiing of tempciaturc presented in the pieocding 
experiments by the theimometeis enveloped with cotton oi wool, 
compared with vainished oi blaci ened theiTnomctcia {m the 
fiist pait of this memoii), is the icsult of an action eutuoly auu 
logous to that we have just been examining In fact, the au, 
cooled by contact with the highci poition of theso envelopes, 
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into the interior, and tends to fall to'w aids llio fijronnd 
of its gieater specific gravity j but the mccliunical 
and the nttiaction of tins multitude of inlerlaciug 
hold it suspended foi some time in the neighbomhood 
j parts which radiate to\Aards the sky, there la Ihus pro- 

. ^cl ^ senes of actions and reactions similar to Unit we have 
® Cammed, nnd the m!\tui'e of air and of coHon oi* wool is 
» I rnore cooled than the simple sliatum of vnvuiHh or lump- 

Eiclc applied to the thermoraetci’. It la for Llic aninc reason 
^ *-» is panbus, those plants whoso leavca nre hnny ncipiiic 

lowei temper tine than those whose Iciivcs arc snioolh 
fi'ee from pubescence, and consequently aio eoveicd willi a 
quantity of dew. But to vetm n to the mendow . In mdev 
? the poitions of grass whicli lue the most cooUhI by 

viitue of radiation, ivc have just now employed conslaiiLly (lie 
erm. instead of "summit/’ because, on exainining Ihc 

acts "vvith a little attention, it is quickly seen, that i( tlio iii at 
iinpr Gssioti of greatest cold is produced nt the outset nl the supenv 
l>ovtion of the meadow, the minimum of Lcmpcrulni’u soon 
quits tlie suiface, and is transferred to the iiitciior. 

Suppose, in fact, our lower slmium'^ divided into tlnec aub- 
aiviBioi:is or elemental y stiata, the first composed of (lio iiir 
’v^xicli envelopes the summit of the herbage ; the aecoiul, formed 
of til a subjacent part, whcic the leaves aic more luimcrons, uml 
move or loss exposed to the aspect of the zenithal region (wini'li, 
nccoi'cling to pieccding observation, is the most ai'tive nfull in the 
pliaanomena of nocturnal radiation) (sec Fiist, Momoii)3 fuially, 
the tliircl, composed of the air which cmbiacoa the BteiiiB and 
leaves^ entiicly shut out fiom the aspect ol iho sky. The miiii- 
mits of the grass certainly me placed in the most fuvomablo 
conditions for radiating tlicir heat freely into space j but the 
leaves uic feiv tlieie, and exposed to atmospheric disUnbancfis, 
so tlvnt the small quantity of air which is cooled by contact with 
thein scarcely produces any sensible effect on the rest of the 
stratvim. The middle portion of the meadow, being more co- 
piously provided with leavca nnd more sheltered, without being 
witliclm-wn from the so-poivcrful influence of the zenithal t*cglon 
still further cools’lhecoirosponding an-. As to the lower por- 
tion, vvliich 18 totally sliut out fiom the aspect of the celestial 
vaults it can only transmit to the surrounding nir tiic cold de- 
rived from the communication of tlie stems, or from its radfatibn 
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to^^aids the uppei leaves^ and oonsequently the tcmpciatuie of 
the last elementaiy stiatum will, at fiist, be the highest of all 
But the an of the two uppci stiata will descend by viitue of its 
gieatei specific giavity, and will at the same time leact on the 
ladiating poitions of the glass, this leaetion will be the moie 
eneigetic the moie slowly the movement tikes place Now the 
obstacles aie leas numeioiis m the fiist stiatum than ui the 
second , the an theicfoie, will icact moic stiongly m the lattei 
case, and having thus caused a gicatci dcpiession of tcmpcia 
tuie in the middle poition of the glass, it will itself paitioipate 
in this excess of cold thiough contact, and m its descent will 
communicate it to the uppci poition of the thud subdivision, 
winch again, will itself finally acquiic a lowci tcmpuatuic to 
that of the foi mci 

Ihus the solid poitions com pi i ed in the ihicc stiata into 
which we have supposed the glass of the meadow divided, com 
mence by a cooling piopoitioned to the quantity of heat which 
each of them can vibiatc fieely towaids space but tbe loaction 
of the smiounduig medium soon diatiubs this oulei ol things 
to such an extent as to icndci coldest the leaves and stems, 
which aic much less exposed to the aspect of the si y than the 
summits of the hcibnge The thci momeici then ought to maintain 
itself low ei, when plunged to a ceitain depth in the glass, than 
when placed m contact with the suiface which is m accoi dance 
with expeiiment^ Ihis distubution of cold, and the gicatei 
humiditv which picvails m the midst of the glass in consequence 
of the evapoiation fiom the giound, the tianspiiation of plants, 
and the dilRculty of renewing the an, will neccssaiily lonclci the 
piecipitation of vapour moie piompt in the intcnor than at the 
siuface of the meadow But the descending motion of the an 
continuing constantly m consequence of the cold due to the 
iippei portions of the grass, and the ascending motion m conse 
quence of the heat of the soil if this is not too moist, its suiface 
will soon be diicd 

Then, i/ie cold an 10111011 descends mil itself hecomo drtedy 

* If tho caitli had 110 atmosphoro tho 7 nimmtwi of tcmpciaUno ivould 
always he found m the paita most exposed to the aspect c/ tho sky a ihoniio 
metei imhedd d in the interior of tfid meadow would at oveiy hour of tho 
uiglit maik a highei tcmpeiaturo than that of a second thcnnomctoi placed 
in contact with the summits of the glass By this wo see how much Iho pic 
scnce of tho an modidos tho efibets of noituuinl ladintion and how gioat ho’i 
been thi euoi of neglecting the ieaclioi of this fluid in the thooiy ofdow 
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Aea^e<^ 6y contact with (he toie^huil surfarr^ iiiul njny 
<3e agiiin asccnclmg, cvapoiaie tho (list diops oi wnirr 

to portions of giass, mul again ullnw Wicm 

^vfiesli piecipitated on the luglior leavon. Tins huna*sMi\r 
s-poitation of dew will never occur in woL or very inoisl sinis ; 
^ t^lie lowei 2)01 tions of grass will tlicio preserve Uie Mai ei (uni- 
on their suiface. But both in one ease and in llie oliier, 
fix'st appeaiancc of the pha^nomenon will talce plius* m u 
distance fiom the soil^ and will altevunrds evieinl dselT in 
of the plants moie and more elevated^ jnsi as if Die t\o\v 
ground and gmdimlly losc in (lie almnsjihen*. 
opiiuon of the ancient plnlosopliern, p:eiie 
^ ^ ^-clo^Dted by those of the last eontury^ and sucdi ih hIiII die 

c idea of the hypothesis maintained at this day liy 

cei^tain expeiimcntcra, who consider the iilueuoniena wliieli ue 
* v<3 been describing ns altogether contrnry to the exjiliuiiiinm 
w deuved fiom tho cooling piodiiccd by rfidiiirioti. 

”-*^thei fnct, winch, nccoi’ding to tho sumo o\]icriiii('uloVH, iiNo 
pPoi-ts this nllogcd conti adiction, is, the iilmiulmico ol’tlrw in 
pci^iectly calm wenthci. It is very tnio Unit givnt luilumUlily 
atmospheie is lemniknbly /iivonrablo lo tJie dt-pnwln.n ul 
ae\v $ that the least wind diminishes it, nialead of inoioiiHiiiL.- il, 

u tieen wrongly mamtanicd or late 5 anti tli.il lioipH nth llio 

nk. ^1 ^ llH- NUiall ..uaiK.J^ ,.l 

rna^vP iTnV’r ritrnnHplMni* 

(fia we have tonnecl It) loses its stale of ooitililnimn .i> ..... 

quoMoo of the nocturnal radiation of vogolahlt-s, and Inkvn nrSui . 

to»y iTioveincnt, M'hich pommences ni tho livnl nhof Uv r 

the wbolo fluid mass of winch it oonsi s 

nuo^ when the air deposits vapour iLont , H; ,attW 
fluia .n contac6 with II, o ie«vo, ol,„„gM „t cv.,t il“ » !. 

u.^iiq.,id*oi.sMtai;rOTtft„rt^ 

any o.ao .m, e«.l, «,i„„ i„ »„„Wc. rtarl, S«V„! 
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uiig^tion IS piactisecl The aii^ in this case^ becomes comjilclely 
satiuatcd cveiy tune it conies ui contact ^Mth the soil , the quan 
titj of 1 ipoui mIiicIi it deposits by supeificnl contact on sub 
stances cooled by ndiation, is much gicatci than in the case of 
a diy 01 neaily diy soil;> and since these effects always ensue in 
Yutue of the ciiculation established in the lowe) stratum of tlie 
atmospheie, we see that the an of this stiatum foims a soil of 
vehicle, by means of \^hich the liquid spieid ovci the siufaco of 
the eaith is successively earned to the siufacc of plants and 
othei bodies cooled by noctmnal ladiition Nou , it \m 11 be undci 
stood, that in oidei foi this tianspoitation to go on logulaily the 
atmospheie must be calm the slightest bieczc distuibs it, and 
it IS cntiiely destiojed by stiong ninds, \\hich raoieovei (as 
Wells had nhcady obsei ved) mtioducc anothci cause of distuib 
ance into tlic piocess, by comraunicaUUj^ tlicii own tempciatuie 
to pi lilts and thus causing tint slight diffoicnoc between the 
tempeiatme of solid bodies and tint ot the suuoiiuding me 
diiim to chsappcai on A\luch, in fine, the ph cnomenon of dew 
depends 

Some have jiictcnded to disco\ci pi oofs of the existence of a 
cunant of waim vajyoto exhaled by the tailh^ and an objection 
against the piinciple of nocturnal ladialion, in the diffacnt pio 
poitions ofwntei deposited duung calm and cleai nights, on the 
tv^o smfaces of a bell gl iss mveited on the giound, foi li often 
happens that the dew is moie copiously foimcd on the inside 
than on the outside of the vessel But this fact by no means 
justifies the conclusion, foi the phxnomcna of cuculation and 
aqueous piccipifcation just desciibed \^ith icfcicncc to the an and 
glass of a mendow, aie also pioduced m the intenoi of the vessel, 
the sides of nhich aie cooled by ladiaiion these actions be 
come even moie intense m this case because the impusoned an 
is sheltered horn the least atmospheiio distmbance and m e have 
just seen that the quantity of watu condensed on the outside 
depends, on the contiaiy, on the degiee of calm in the atmo 
sphcie Hence, the slightest degiee of uind will suffice to len 
del raoie abundant the piecipitation on the intenoi of the hCil 
glass, VI ithout leading to the conclusion of an inoieaso favouung 
tlie pietence of an exhalation of vapom from Uk eaith, and con 
tiaiy to the theory of dew founded on the cold produced by noc 
tuinal ladiation 

Nothing then is simplei now than to compichend whj a 
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laclialing body, such as a piece of wood or atone, placed on a 
moist soil, towaids sunset, is abundantly covered with dew on 
its lower side bcfoie a single diop of liquid appeals on the upper 
siuface The body submitted to the fiigoilfic action of the sky 
IS in contact with two masses of an, — the one, at jest and limnid, 
because it is sheltered and situated close to the carth^s siuface, 
the other, less humid, and exposed to the changes of the atmo- 
sphere, The foimei then will be moic disposed than the lattei 
for the piccipitation of vapour, and the clew oiiglit to show itself 
fiist on tlie side turned towaids the soil^ it may even exist only 
on this surface, if the air has but little moisture or is agitated 
by wind, lienee the experiment of a plate covcied with waxed 
cloth, which, being placed on the grass, was found sometimes 
to bo moistened only on its lower siuface, by no means proves 
that the deto zs adoluded Jmn ihe ground^ h/ce Ihose clouds of va- 
pour zohtch are seen to aznsefrom a vessel full of hoi walevn 
Neither docs the Immidity which sometimes appears, tpwaids 
the end of the niglit, on the surface of a dry soil, constitute nu 
argument favourable to this hypothesis and contraiy to the prin-* 
ciple of nocturnal radiation, as some have maintained. In fact, 
two causes may contiibute, either conjointly or separately, to 
the pioduction of the plucnomcnon. Kvery one knows, that, 
when a moist soil becomes dry by means of wind or solar radi- 
ation, the water which has ponctiatcd to a ccitain cleptli ascends 
by capillary action, and again moistens the siuface when the 
permanent cause of the diying has ceased. Morcovci, the urn 
coveied soil is itself endowed, like the grass, with a proper radi- 
ation of its oun, capable of cooling and of bxinging upon it the 
deposition of the atmospheric vapour, especially in the long and 
humid nights of autumn, dining uhich the cold engendered by 
the radiation of the auifacc penetrates more deeply, and can up 
longer be compensated by the beat of the mternal strata* 

The details into wliich we have entered are more than suffi- 
cient to prove iliat the reproach whjeh lias boon cast scvcri^l 
times on the partisans of Wells’s tlieory, that they have neglected 
to take into account the moisture of the soil, is altogetlicr un- 
founded j these philosophois, on tho confrary, in accordance with 
the vulgar notions m this respect, refer the wliole atmospheric 
humidity by which dew is caused, to the water spread over the 
surface of the earth In fact, vapour, in its elastic and znvisi,ble 
statCy penetrates the atmosphere, not only by the means of rain, 
von. V. PAllT XX, ^ ^ o 
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but also by the cvapoiation^ moic ox less abundant, of Ibc son 
lal ea and uveis, the winds aftoiwaids tianspoit it, anti spicad 
It e^en to those countiies nhexc xx-itci is scinccsl If the au 
and aoil aie unpiegnated with moistuio winch is the case m 
legaid to calm and clcai nights that succeed a season ot xam^ 
the dew shons itsell eveiywlieie in the gicatcst pioiusion Hut 
when the weathei is extxemely diy and the an cnlm, th< local 
action piedominates especially dm mg Ibc night, wlien ihe oqiu 
libiium of the atmospheie is not distuibed by the picscncc of 
the sun and in this case the atmosphctic humidity is in pio 
poition to the pioximity ot the souicls Now in oulei to cause 
the ail to deposit its vapoiu, it is ncccssaiy that lluic be a fall 
of tempeiatuie, inoie oi less considciablc accoi ding to the dcgi co 
of humidity piex ailing the piccipilation of iht atniosphciic 
vapoui, theiefoio, will be moic slow and scanty m piopoition ns 
wc leinove fmthei off fiom the Hscixons of wntei, and will ccasc 
entiiely at a ceitain distance if the an be feufliuontly diy, what 
evei may be the clegiee of cold which bodies ac(]iuie nndoi the 
influence of a pme and calm sky Ihis is tlic icnsou why, in 
seasons of gieat diyncss, dew no longei slxows itscU (\cej)t on 
plants situated m mai shy 01 wateicd places, along the boideia 
of lakes ponds and ineis 

The nocturnal fiigoiihc action excited by V(^ttablos on the 
suxioundmg an, and the leaotion of this fluid on the vegetables, 
can nevei cease until the heat communicated by iho caiih (o the 
plants is equal to the heat lost by the ladiatioix and tlic contact 
of the au And this state of eqmlihuuin lu a system ot bodies 
so hUeiogeneoua appeals to lequnc a considciablc timc^ loi il 
the sky be cleai andthe au calm dining the whole ot tlic night, 
the tempeiatuie goes on decitasing at the caithN suifaco, exon 
till sumise Hence m calm and deal wcaihex, the lowci sUata 
of the ail ought to be the moic humid in piopoition as the night 
13 the moie idvanced It is foi tins leason that, uihns pit) ibus, 
the dew is piecipitated in gieatei abundance, m^d pencil a tes 
moie deeply into the inteiioi of the tufts of plants, hedges, and 
gloves, tow aids moinmg than in the cailici houis o( tho night, 
and that the phsenomenon shows itself moie copiously in auiiunu 
than m summei when, m consequence of tfe shoit absence oi 
the sun the radiation of plants and the onculating Tnovetnent ol 
the sun oundi ng medium do not last long enough to pioduce tiny 
gieat humidity in the lowei legion of the atmospheio 
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Every one has doubtless lemaiked that the clc^ys arc leH*^ 
^opaous m the eaihei pait of spring than in the equally long 
of the latter part of autumn* To see clcaily tlio ol' 

tHis diffeicnce, it will be sufTicicnt foi us to observe, Llml the 
^a-ves, whence aiises the greatest poitum of the cohl in(iailhst<Hl 
night in the louer strata of the atmosphere, are few nutl Hinall 
the beginning of the former season, large and numtuoua at 
end of the latter 5 so that the cold, and consequently the ui- 
"^i^cased degree of humidity, being gieater m the luiUn* case, tliO 
of dew IS also moic abundant. Add to I his, LluiL 
quantity of elastic vapour existing in a given siiuce uun en«cs 
y^ore lapidly than the tcmpeinhne^ and since tlio diuinal hout 
^ gcneially gicatcrin autumn than in spiing, wc aeo that under 
influence of tlie same ladiation, there ought to be a greater 
quantity of vapour precipitated in the former seasoiu The thiek- 
^eas of the stiatum of air cooled at night by the couluel ol'pUuUSj 
evidently depend on the natuic and on the luxuriance of tlia 
vegetation ; it will be laigc in meadows abundantly clothed with 
ong grass of thick and vigoious giouth, less m those w'bcrc Iho 
loi'bage IS low and poor, and still less on naked soils* The same 
xeoiy will hold uith icgard to the position of tlic nuiuinuni 
at tempeiatuie, which will be found quite close to the soil in 
naked places, and can scarcely evist, as we have just seen, (>itlu‘r 
^ summit of the grass, unci will maiutruu 

itaelf near the numeious and compact leaves uhieh lire siibjuct 
to ^the action alone of the zenithal part of the heaviiUH. 

Jthese direct consequences of the theory have been pcrlcoily 
confirmed by those persons even who deny the origin of ch'w 
lomacled on nootmnal ladiation, and uho think to cvplniu the 
pUronomenon by the exhalation irom the soil. In fact, I hose 
gentlemen have found the mimmiim of cold at iho height of 
7 inches in a meadow coveicd with a luxurious vegetation, iit 
Uxo height of 2 inches in a meadow recently mown, and at a 
irfxction of aline above the soil beaten down and entirely de- 
prived of grass. Their thermometers, badly prepared loi IIiobo 
being placed in contact witli the leavi^B of 
clifTerent species of plants, gave indications somctimcB equal, 
Bonaetimes lov^ov,^ and scarcely ever hiyher, to Ihoso of Ihcnno- 
meters freely suspended nt the same elevation above tlic soil. 
And in spite of results so little confoimablc to iheir views, tlmy 
have persisted in maintaining that the depression of temnemturo 

2 0 2 
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obseived at night m plants does not auac fiom then indmtiaiij 
but/)oj» the pi et>ence of a thin sti atuni 0/ cold an , lohtch at lan 
set suddenly appeals neai the teiiestnal suiface^ Unis subsli 
tutiug the effect foi the cause and theicloic lalluif, into one oi 
the gieate&t ei 101s with which obseivcis of natuie can be jc 
pioached The cold pioduoed bj the ladintion of vigetablo 
leaves, of the soil 01 of any othci substance cv[]oscd to the not, 
tuinal influence of a calm and clem sky, nlnsys piccedts, ns W( 
hate said the fall of dew The condensation ol Iho \a])oui at 
fiist coinmuintates to the ladiatiiit, substincc the beat ihscn 
gSoPd 111 pissing fiom the aeufoim to the iKpiid slate , but this 
heat is soon destioyed by viituc of the gicnt emissive jioavli of 
natei , so that the moistened bodj, nlwnjs ])icsci\aig a tempo 
latuie low Cl thin that of the aunonnding mtclium con I nines to 
envelope itself with dew All this inav easily bo voidiod in the 
fields by means of obseivntion and of 0111 Lhci moinctu jno 
piled with the coil and metallic aimatuio 


It must nevcitheless be lemnikcd, that in cutaui cases the 

noctmnal tempeiatuie of plants, undci a clem si y, may equal, 

and even sin pass foi a few instants, the teinpciatine of the sii/ 

loundmg an, when, in the midst of the calm, and the iihicuo 

mena of cold and of dew which thence lesull, a sudden Inee/c 

comes and cnnies off fiom the indiating body the nn which siu 

lounded it, and substitutes m its place that of oLhci bodies 

placed in conditions moi c favoui able to cooling 1 - 01 nistanco, 

the glass under a t.ee, enveloped suddenly in tlic an earned ofl 

from the neighbomiiig meadow, will at (list show itself waiinei 

than the suiiounding medium, and will come at Icir (h to nc 

qune the same tempeiatuie, if the action of the wind be sufii 

cien y piolonged But these anomalies nio laic and easily 

lecognised because of the wind which must ncccssai j|y pioculc 
or accompany them muy piocuic 

meteis with metallic aimatuie, one of which was pohslied and 
plants mniked the same tcrapciatino m the fieo an wlmn 

».».!> «has.,Ue,,cooMd»,coi3WrXv 
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*^inutes. This experiment is snfliuont to explain the FjintiU 
^vifintity of dew winch is remaikcd under ticos^ in llu' inlcnioi 
liGtlgeSj and in all places uhere the culoiifie comnnnnctiluni 
et\\reen the sky and the eailh is more oi loss mleicepted ^ the 
substances in these cases icniuin inoio or less diy, 
*^^‘^ause the cold resulting from their nocturnal ludialioim la 
or less decided than in open places, as we iimy easily 
inoieovei directly by aid of the thcrnioinoter. 

It xvould be needless to add, that the iiifliicnco ol the elontls 
<J.e\v, and the cold which pieccdcs and aceompaincH it, is pm- 
, aiialogous to that oi tices, oi of any othei obstaele w liieli 

more oi less the view of the celestial vault Iroiii llui 
^ fidiating body. The upper clouds diminish, the lower oiiUH 
*^“^P^otoly destroy, the diffeiencc between the tempeiaUire of 
Plarits and that of the sui rounding medium, and w'lth it the 
SJ’ad.ual cooling, the increasing humiditj^, and the precipitation 
vapoui. 

It is well known that the dew is less abmiduiit on shrubs Uiim 
herbaceous plants, and that sciuccly any IracoH of this noc- 
turnal plimnomenon are found on the summit ol‘ Ircc'S ol a cm-- 
tain lieight. The explanation of this factpichciils ilselful ouee, 

^ Consider that, in spite of their great emissive jiou'er, (lie 

«^ves of lofty plants cannot become so mueh cooled as the glass 
the meadow, nor piccipitatc the same quantity of water!— 

1 . Because they are more exposed to the aedoii of w iuds limn 
tUe leaves of plants neaicr tl\e ground. 

Because the atmospheric stratum which envelopes (Jiein is 
less moist than that m contact with the soil, 

3 , Because the an which becomes cooler and eoiulcuHes ilMidf 
ai-o-und them Uaverses the mass of foliage, and falls to the ground 
^vithout the power of icasconding, as m the caso of llu' grasB, 
towards tho upper leaves, or of icactmg on it or sulliciently 
loweinng its tcmpciaturc, and thus acquiring the degree of 
moisture necessary to a copious piocipUatiou of dew. 

The currents of air which descend fiom Iho to]) of ihu ti-eca, 
must^ hke cveiy other agitation of the atmosphere, diaturb tho no- 
tions arid leactions between the neighbouring bodies niul Llic mo« 
diLxm wlnch8uii<?undBthom,andthuarcnder loss intense IhadeKrec 
^ cold which these bodies would acquire in a calm atniosiihoro. 
Consequently the grass situated close to trees will bo lose cooJod 
moistened by dew than that which is in the niiddle of 
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the meadow, not only because its lacliation into space la wholly 
or paitly intercepted, but also because the medium siiiioimdmg 
it IS less tianquil and the union of these two causes amU pio 
duce the maiked diffeience ^^hIch is found, duiing calm and 
deal nights, in passing fiom the open held to a wood oi lioin 
the wood to the fields 

Whenweieflect on the numcious inequalities ol tempi uitmo 
lesulting as A\ellby night as day, fiom the natuic, the foun, the 
exposed state oi the cultuic of the soil, \\q soon become con 
vinced that absolute equihbuum nevci exists in the atuiosphcic, 
what ^^e call a calm almosphei e iH, piopcily speaking, only a less 
violent agitation of it It is in conscqucnco ot this incessant 
peitmbition of the atmosphcic, that the si i alum ut nn cooled 
by contact Mith plants and the soil giacliially mingles itsell NutU 
the uppei stnta even in the seasons of gi cutest appiuent calm, 
moieovei the quantity of an condensed by contntt \Mth plants 
\ull go on inci easing upon the soil as ilio nigiit advances, and 
Mill attain gieatei and gieatci heit^lits Ilcncc ilic ougin ol the 
two facts disco veied by Peclet and Dufay, namely, the noctuinal 
inversion of the atmospheiic iempciaiiuc, \\hich in calm and 
deal weathei diminishes instead of inci casing (as il docs in the 
day time) on appi caching the soil, and the piecipitation o( dew 
becoming letaided on a substance isolated oi Bmionndcd by 
plants in piopoition as its distance fiom the caitliS suifaco is 
mcieased Hence the limits which wc have suppoai d between 
the tw 0 stiata, up2)e7 ^ and " lotaet , ^ w ill ni vci be vciy distinct, 
and the cold and humidity will diminish by inscuBiblc dcgiccs 
as we use in the atmospheio It will ncvcilhclcss be iiudci 
stood, that the tiansition will ho moic oi less abuijil accoidmg 
to the nature of the soil and the time ot obsci vaUon , and il the 
air weie colouied so as to be peicejjtiblc in the dusk, wc should 
see at night this colom become moic maiked ncui the eaitlds 
surface up to a certain height, gieatei in piopoiUon ns the night 
is further advanced, and thus foim a kind ol /one, of gicatoi oi 
less magnitude and distinctness, which would follow the gencial 
distiibution of vegetation, attaining its Qnavimnm ol intensity on 
meadows and fields clothed with low plants, glowing thick mul 
close, and spieading on all sides as fni ns the hutbesL boundmy 
of the horizon 

Fiom allthat piecedes, it follows that Wellses miuciplc with 
regaid to the foimation of clew in mi tue of the inchntion of bodies, 
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may be completely defended against the violent attacks to which 
it has been subjected of late , that^ nevei tlieless, the radiating 
substances are cooled much less than was supposed, in conse- 
quence of the bad auangcment ot the instiinncnts formcily cm'* 
ployed m these kind of rcscai dies. On theoihei hand, both Wells, 
his paitisans and his opponents, appeal to have paid no atten- 
tion to the impoitant pait played in this pluenomcnon by the 
well-knonn fact of the invariable diffeience between the tempe- 
i^atuie of the an and that of the ladiating body, so that evciy-^ 
body has completely ovei looked the reaction of the medium, winch 
exeits so lemaikable an influence over the distribution nnd the 
intensity of the cold pioduced by the nocturnal radiation of the 
soil. \Vq have endcavouied to supply tins deflciencyj and, 
taking foi our point of departure the feeble dcgiee of cold wdnch 
IS incontestably produced in vegetables and every other ladiaUng 
substance exposed to the free air in a calm and clear night, we 
have Qi lived at a clear explanation of, — 1st, the great diflerence 
of tempciatuie between the air which envelopes the lo^v plants 
of moadoivs and fields, and the superimposed an ^ 2iid, the 
gi eater degiee of cold in the interior than at tlic surface of 
mcacloMs, Sul, the great humidity which alw«iys jiievails in the 
stiatum of an ivherein the plants aie immeised, fiom the first 
moment of the piecipitation of clew , 4th, the favourable influence 
of a perfect calm in the atmospheie, 5th, the accumulation of 
clew dining the whole of* the night; Oth, the moie copious 
formation of dew from midnight to daybreak, than (rom sunset 
to midnight; 7th, its abundance on plants winch have smootli 
leaves; 8lb, its small quantity on trees, in comparison witli what 
is deposited on flic grass; l)th, its tianspoitation, or piogiossive 
invasion from a lower to a liiglicr legion , XOth, its chflercut pro- 
portions in different seasons, lith, and finally, all the circum- 
stances, without cxceptlOt^, wdiich pieccde and accompany, at 
any pcuod whatever of the year, the appearance of dew on the 
carth^s surface. 

The principle of llic invariable loweung of the temperature of 
bodies exposed to the bee an dining calm and clear nights, 
below the temperature of the atmospheie, constitutes thoioforo 
the fundamental base on which rests the theory of the phecno- 
mcnon which w^c are studying, 

Let us recapitulate. Dew is not an immediate effect of the 
cooling pioduced by the nocturnal i adiation of vegetables on the 
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vapolu of the atmospheie, as most tieiiises on physics and me 
tcoiology assume^ hut the icsult of 'i seizes of actions and icac 
tions between the cold due to the ladmtion ot pi mts nnd tUi cold 
tiansmitted to the suuounding mi Dio guiss is roolcd but 
little below the tempeiatuie of the an, but it vciy quickly 
communicates to it a poition of the ^cqiuicd cold, and since 
the diffeicnce of terapeiatuic between the ladiating body and 
the suiioundmg medium is independent ot the absolute value of 
the pievuling terapeiatiiie, the glass siuioundcd by coldoi ail 
shll fuither loweis its tempeiatiuc and commumcalcs a new 
degiee of cold to the mi, which leicts in its tuin on the giassj 
and compels it to acquue a tompciatiiie still lowci, and so on m 
succession Meanwhile the medium loses its stale of cqiuli 
biium and acquiies a soit of veitical cnculation, in consequence 
of the descending motion of the poi tions condensed by tho cold 
of the iippei foliage nnd the ascendin^^ motion of the poi tions 
which have touched the suiface of the caith Now the giadual 
cooling and the contact of the soil evidently U ml to angincnl 
the humidity of the stiatum of nu and thus biinj. it by dcgices 
towaids the point of satmation Ihen the feeble degicc of cold 
produced duectly by the ladiation of bodies, suflices to condense 
the vapoui contained m the an which suuouiids them ^ and since 
the causes which give use to the cnculaiing movement and to 
the humidity of the an continue thiough the w hole ol tlic night, 
the quantity of watei deposited on the leaves inci cases indc 
finitely 


The greatest part of the nootuinal cooling is duo to the devc 
lopment of the leaves which piesents to the slcy an immense 
number of thm bodies having laige auifaccs, and almost com 
pletely isolated this is the reason why the dews aic so feeble m 
wintei and less copious m the nights of the eaily paiL of snung 
than m the equally long nights of autumn Dow is also moio 
abundant in autumn, because the da}s being then wuimci than 
in spring, and the vapoui incieasing moie lupidly than tho tom 
perature, the same degiee of cold (such as the invQimhlc do 
pression of the tempeiatura of plants below that of the atmo 
spheie) condenses a gieatei quantity of vopom Ihc alighlcat 
bieath of wind distuibs the cuculatioa of the Kwci atmospheuo 
Jiatum, and necessauly dimimshes the accumulation ol clow 

of heat and especially by leuevving incessantly the stiatim of 
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au compnsed bet\^ecn the summit of the plants and the siufacc 
of the eaith^ and thus taking auay horn it the possibility of gia- 
dually acquiiing that high dcgioc of humidity neccssaiy to the 
piecipitation of the vapoiu, by leason of the small dcgice ot cold 
which the plants conti ict nith legaid to tlie sui i oiuuhng medium 

The dilFcieuces in the quantity of dew on diflcicnt bubstances 
all aiise^ eithci fxom then diffueiicc of emissive po\ui, oi fiom 
the divcisity of then situation with logaid to the heavenly vault, 
01 fiom the hygiometuc condition of the Biuiouiiding space, oi 
fiom the gieatei oi less obstacles which ictaid the descent of 
the an, and thus mme oi less favoiu its liigoiific icaction , oi, 
lastly^ fiom the pioximity of the soil, vihich pcunits the letmn 
of the an on the ladiating substances^ and gives use to that 
aeiial cncuhtion, whence icsiilt the giadual cooling and suc- 
cessive augmentation of humidity m the lowei stiatum ol the 
atmosphciG 

To complete the study of oui subject^ it now only icmnins foi 
us to examine tlic intensity of the noctuinal ladiation and the 
distiibution ot dew in the clifTciont icgious of the globe 

Many obseivations have been made to dcteiminc the diuinal 
tempeiatuic in dificicut paits of the Moildj but voiy few with 
the object of detei mining the noctuinal heal, so that wc aic 
almost eutucly ignoiant as to what aic the tiue piopoitions be- 
tween the iempeiatuics of day and night iii dilTeient latitudes 
and seasons of the ycai In accoulnncc, howivci, svith the 
pieceding icmaiksj it is seen that ni calm and cleai seasons 
the chffei cnee between the tcmpciatuic ol the clay and ol tlic 
niglit ought to be so much the gicaioi as the vegetation is 
xichei and the night longoi ^ and no have aluady obseivcd^ 
that m tlic nights of the cnily pait of spung, vegetation 
being but little developed, the tcmpeiaUno is less luwcied timn 
m the lattci pnit of autumn^ when the plants still picscivc a 
part of then foliage We shall now add, tlmt in those countiios 
wheie tlie foliage is gonoially nauow and vciticul like that of 
New Holland, the noctuinal tempeiatuic ought !o he less dimi- 
nished, lelativc to the dimnal tcmpeialuie, than in places ol 
the same latitude covciod with plants analogous to those winch 
glow m othci cdTintuos 

But, laying aside evciything depending on the alternations ot 
the seasons in oui tcmpciate clmmtes, and on tlic cliffcicnGCS of 
vegetation in oountiies situated undei the same latitude, it is 
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easy to convince ouiselvcs that the ^leatcsl ditloicncc bt twcoii 
the tempeiatiue of the day and that of the ni{,lit will occiu 
undei the touid /one and that theic also tlio (kws will, m 
geiieial, be moie abundant than m any otlui pint ol tlu globe 
In fact in cold and tempeiate countiics the two pi nicipnl ele- 
ments of nocturnal ladiation piocced (so to speak) in opjioaitc 
diiections, since the niglit is long when tlic eai th is dcslitulo of 
vegetation, and shoitwhen the plants aic iiclily clothed with 
foliage But undci the cquatoi vCtjCtition ncvii hah, Iho 
night is always long and almost entiiely ivitlioiit twilight mid 
m the neighbouiing count! les foxmnig, the toiiid /one ])iopeily 
so called when the night time slightly exceeds tlie pci lod ol 
daylight, the lain falls in toiicnts, and plants luc mou iiohly 
clothed with leaves than at any olhei season of the ytin llic 
gieatest diffeiencc, then between the tcmpciatuic of llic tln;yB 
and that of cairn and cleai nights, will occiu in the ocjuiilouiil 
regions a shoit tunc aftci the lainy senson , nnd ns Lhuc will 
then pievail in the atmospheic a higli dcgicc of luiimihty, the 
dew itself also will be vciy ibundnnt at tins season On the 
othei hand since the toiiid /one possesses the In, host I nowii 
atmospheuc tempeiatiue, the noctmnal cooling oiiglil to picci 
pitate theie a laigei quantity ol w itci lhan in any othi i countiy, 
by leason of the cUveigenec above mentioned betw ecu the pi o 
giession ol the vapom and that ol the tcmpuntui e Jii luct, the 
dews Die so copious in the eqnntoiial legions, tituL M de Hum 
boldt docs not hesitate to coinpaio then died with those of unn 
itself 


A curious fact, and one not much known, which seuus at fn si 
sight to contiadictwhatwe have been saying, is the oxUemo 
feebleness or the absolute non existence of clow, m that oxlcnaivo 
assemblage of small islands m the touid /one, gciiually Icitilo 

PotrTesia geogiaphois douLinato 


But, with a little attention, it will soon be seen llmt Una au 
fhTtfutromeSo^^V”^ ‘"8 conrtimatione of 

memoir In fact whatever may be the humidity ol these Bmall 

islands, scatteied here and theie in fhr. ^ ^ 

a 7 ill tnc vast oqcun liko oases m 

mehts Ind In ‘ 7 by the long 

mghts and luxuiiant vegetation, the small extent of then tern 

s len ers t e ntmospheuc column supeuncumbent on each 
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Of* them easily pemefible even lo its ccnlic, by Ibe nif of the 
sui^a-ounding sea. This invasion is, moreover, iavomed by the 
ti'ucle-wmds winch pievail constantly in those Intiliules. Now 
^ve know that the aii m the midst of vast seas picsorvcH n 
unifoim tempeiatuie. The stmtum ol an cooled by he 
cior^tact of the soil will, then, be warmed by nuMiig will, the 
winch IS constantly reaching it fiom the sea, ,u„l t „• dillei- 
betweeen the tempciatures of the day and nighl being ex- 
tremely small, dew can scaiccly be foimed at all, or at any late, 
in ^'eiy slight quantity. 

I^erfectly analogous causes pi event the formation ol dew on 
sliips svhich tiaveise the vast solitudes ol the ocean. But what 
is truly singulai, is the appcaiance of the pliicnomcuon on board 
tliese same ships on arnvmg afterwards in the neiglibomhood 
of terra fit ma. Thus, the navigatois who proceed Irom tho 
straits of Sunda to the Coiomandcl coast, know that they are 
iiear the end of then voyage when they perceive the ropes, sails, 
find other objects placed on the deck, become inoistoned uith 
dew dming the night. (Lc Gcntil, Voyagch tome i. imgc fi25.) 
The reason of this strange phaeiioincnon will readily be seen, if 
we atait fiom the fact (well established by cxpcuoiieo), Unit, m 
the equatorial legions, the sea-nir preserves, nol only a neaily 
constant tempeiatuie by day and night, but also an liygromelrio 
state considei ably removed from the point of saturation} and 
that the leverse is the case with legard to llie air on land, wlneli 
in the day-time is drici than the au of tho bou, bill whieli m the 
niglit may lendily acquire, in countries siillleieiitly alimmding 
in watei, or neai enough to the coast, a much greater hunnilily 
in consequence of the frigoiifio actions and reactioiis of winch 
we 'have before spoken. Now the land-wind, Mliich ahvuya 
blo\vs by night on the borders of liopieal eonuUieH when llui 
slcy ia clear, tiansporta this hnniid an (o n certain dislanco out 
nt sea Then, the feeble degree of cold acfjuired by snhslaiiccs 
freely exposed on the deck, totally nimble, as it is, lo eondense 
the vapour of the sea-atmosphere, is ncvcithclcas Hullieiont to 
precipitate that of the air winch has been in nocturnal contact 
with the soil. 

TV^e concludc'Uiat dew^, feeble or noii-cxislont towards the 
poles by leaaon of tho extreme biovity of the summer nights, 
becomes moie and more abniidant as wc appioiiob the equator j 
that, notwithstanding, the gcncial couisc of tho plimnomonon 
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IS veiy much modified by the extent, the niluie and the position 
of the land, accoidmg ns it is raoie oi less sunounded by the 
sea, move oi less covoied bj mountains, nuincs, lakes, nicnilows, 
maishea, oi iiinning sti earns The boiclcis of T'ip:;jpt, of the 
Red Sen, of the Peisian Gulf, of Chih and of Bingal, nio ttlc- 


biatedfoi the iichnessoftheii dews, (Set the Voya>iei>dL V^ohtn/f 
t 1 p 51 , of Buickhnidt, p 423, oflNTicbuhi, p 10, of kti 
Poiteijt 11 p 123, ofLeQentil, t i p 631, ot Rujipc), p IHO) 
thedeseits of Cential Afiica, and thcintciioi piovimcs ol Ihihui, 
of Pemamboue, IJimia and Mazandccan, an liiazil and I’eisni, by 
the almost total absence of this noctmnal phasnomcnon (Voyages 
of Spix and Martius, tup 624, of Olmci in Pusm, t i pp 
123 and 145 , of Kei Poiter, t ii pp 63 and 69 ) 

The appeal ance of dew may sciyc, m otitain ciisca, to miilco 
knoun the pioximity of a mass of wntci oonctalul fiom the (yc 
of the obseivei Thus, the den nliieh is almost compltlLly 
wanting m ceitain steiilc valleys liaveiacd by the liluphiulcB, 
becomes of sufficient intensity to foim visible diops ol wiitci, 
nhilst still at a distance of some miles fiom tho boulcis ol this 


iivci concealed by the land (Olivioi, t u p 225 ) And iSfnjoi 
Denham says, that independently of tlie suflocalmg heat (uid of 
the intense cold that he cnduicd duiuig the night in his moino 
lablejouiney aciosa the Sahaia, he also sulleud liom the exticmc 
diynesa of the an until he icachcd a ceilniu dislnncc fiom 
Ischad, wfaeie, though theie was not the slightest apponianco of 
watei on any paifc of the hoiizon, tho dews began to apponi, 
feeble at fiist, then moie and moie copious, mid so nbunilnnt cm 
amving neai the banks of this gieat Afiiean lake, that the clollies 
of those persons who lemaincd some tunc outside the touts wcic 
completely soaked with it (Denham, Naiintivc, p 19 ) 

With legard to the intense cold expoiienced by this mtiopid 
tiavcllei dming the night m the dcseit, it as occasioned (m my 
opinion] neithei by the extieme clcaincss of the sky, noi by iiri 
excess of cutaneous perspnation, but fiona tlic gieat uoctinnnl 
calm of this desolate legion, which allows the soil to act slionffly 
on the an and to leceive with equal foice the leacUon of that 

and umfoi^T'" monotonous, hoiwonlnl 

ulmt of ff ’ «« 7eIUhaiaeteiizcd by the Ai abs undei tho 
name of the sea without wa/ei (el Mm Mia mda), pieseuts no 
ise capable of distmbing dining the night the equihbnum of 
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tlie air ; so that this must remain in a state of almost absolute 
lest some time after the setting of the sun The soil of the 
desert being moieovoi composed of dry, sandy earths, of bad 
conducting quality, can leceive fiom the inteiioi but a veiy pool 
compensation in exchange for the heat it has lost The solid 
body ladiating by night towards space, and the suiiounding 
medium, will ihercfoie be unmovmg and isolated, and thus be 
in highly favouiable conditions foi lenctmg with cneigy on each 
othei, and cousidciably lowcnng their tcmpeiature* 

Anothei phacnomcnon lesulting fiom the combination of the 
two fiigorific actions successively excited in the radiating body 
and the medium which envelopes it, is the congelation of water, 
pioducccl artihcially in Bengal, duiing the calm and clear nights* 
It would be supeifluous to repeat here the details i dative to this 
piocess, a description of which may be found in all treatises on 
physics* It will bo sufRcicnt to call to mind, that the vessels, 
very shallow and uncoveicd, containing the liquid to be frozen, 
aie placed at the bottom of ccitain excavations made in the soil, 
and fiurioimclecl by a border of earthy 4 or 5 inches m Imyhti 
that the water, whose emissive powder is neaily equal to that of 
the leaves of plants and of lamp-black, docs not descend even two 
degrees lotoer than a cove) ed thermometer placed by its sulCi and 
that fiequcntly the ice is formed when the thorniomclor, elevated 
4 or 5 feet, marks 5*^ oi 6° above zero 5 which leads to the im- 
mediate infciencc, that the watci lowois gradually its tempcia- 
turo dowm to the zeio of the thcimomctric scale (Centigiadc) 
by means of a senes of actions and reactions peifectly similar 
to those which pioduce, under the same circumstances of 
calm and clearness of sky, the nocturnal cooling of any oihei 
radiaUng matter exposed to the free air, and the decicase of the 
atmospheric temperature, m proportion as wc approach the 
eaitVs surface* 

It IS in consequence of these same frigorifio actions, that the 
buds of plants, and the shallow waters of ditches and ponds 
scattered heic and tlieie over the country, often freeze during 
the calm and clear nights of spring, whilst the thermometer 
marks several degrees higher than the ficezing-point, 

^ 

[Noto of tlio KtlUoia of iho Annale^ do Chemic et do Physique J 

We suppress the third and Iasi part of the Memoir, which is 
devoted to the refutation of the hypothesis which ascribes the 
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foinifition of cle\\ to the exliftHUon of the soil and the inj stcnoifs 
appear in ce of i stiitum of cold fiii at the enith^ suifacc IhiH 
lefutation ho^^e\el useful in Italy, ^UlClc this theoiy of de\^ la 
still taught in ceitain schools placed undci tlic piotcctiou of the 
Austnan goveinment appeals to be supeifluous foi those pei 
sons who attei leading attentively the picceclinf^ oan no 

longei letam the shadow of a doubt as to the tiue cause ol the 
phaanomenon We shall meicly call the icadci s attention to 
the two subjects tieated of in the rimd Pnil of M Mdlom^s 
memon^ namely, the e\pciiment b) means of which the dew is 
forced to deposit itself on ccitain poitions of a metallic siu/ace, 
whilst the othei paits aie inaint lined in then habitual state of 
dijness andthe theoiv of that soit of clew (^oein) oi excess 
ivelv fine lain, which falls somelimus on fine siimmci evenings 
when the skv is cleai and fice fiom clouds 
The expeiimcnt which is dcsciibcd in detail m the Hist ol 
the two leticis of M Mclloni to M Aingo^ consists lu pai 
tially vaimsiung one of the two suifnccs of n vciy thin tin 
plate afteiwaids covciing a poition of the vaimshcd smfaco 
with a soit of small detached loof of pohshed metal, and ox 


posing this aiiangement of two plates to the ficc an, so 
that the side which is vainishcd and paitnlly shcUciecl undoi 
the metallic loof, may be turned tow aids the al y, and tlie 
smface which is entirely polished towaula the gioiuul I ho 
dew IS deposited in laige quantity on the suifaeo uncovcjicd by 
vainish and fiom thence in diminishing pi opoi lions, on the acl 
jacent paits The loof of polished metal lemams entiicly diy 
and brilliant, as also the ccnhal poitions of both sides of the 
subjacent disc, the lest of the suifacc looking tow aids the 
ground is on the othei hand quite coveied with clew 

Some expeiimcnts of Wells had shown that dew docs not fall 
from the sk} otheis, that it docs not use liom the giouncl 
The expenmen t of M Welloni pioves these two things at fho 
same time foi theie aie poitions of metal moistened by the 
dew, and otheis perfectly cliy and bulhant above nncl below tlio 
system of two plates, that is on the side looking low aids the 
sky and on the side tmned towaids the gioimd It pioves, bo 
sides incontestably, that metals cooled by the. juxtaposition ol 
a ladiatmg substance, condense the elastic vapom of the almo 
sphere as nell as tiie leaves of plants, and consequently, that 
the ordinary want of den on the polished sinfaces of these bodies, 
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aiises neithei fiora a peouliai vopulsivc foioe, tin Li-hHo nupiHfHt'd , 
iioi fiomanelectiic actionj as Snussurc believed ; nor lioni (he lieiil 
'Jjseiigaged by the chemical leacLion of the ni<*lal im llie in]iieoim 
vapour, as M Fuamieri has Intloily mauiluined 5 hul Holely 
ftom their extiemely feeble emissive poAvor, AAhteh doen no( pro- 
duce a degipe of cold sufficient to cause the eondeiisaiion of I he 
elastic vapour contained in the suiTOundiiif' nieilmin. 'I'lua u\.. 
pei’iment, therefore, is a sort of collective pioof, uhich ciiiliniceH 
in itself the fundamental piinciplcs of the llieoiy o( dew deve- 
loped m the Second Pait of tlic inciiioir. 

As legaids the theoiy of “ tcieiu,” wv eannot do heder fliittt 
give the tianslation of the passage in which i( is pomled out. 

"Seveial authors,” M Mclloiii, nltnlmle (o (he cold 
leaulting fiom the incliation of the nir, the cxccfisivelj line laiii 
which soraetiraes falls in a clear sky, clmiiig (lie line sciihou, h 
few moments after sunset. But, as no lac( is yet Uiuiwn whii-h 
directly pioves the emissive iiowcr of piiic and liiiuH|micn( 
elastic fluids, it appeals to mo more conlormablc In (he prin- 
ciples of natural philosopliy, to attribute tliia Hpecii'H of ruin (n 
the radiation and the subsequent condeiiHiilion tifn (Inn veil nl' 
vesicular vapoin distributed thrniigl. tlie luglier aluila nf the 
atmospheie, in a manner ao as not to cause any euimidei idilo 
^tciation la the aEiiic tmt ol the sky. The beauliiul ph.enie 
mena of colouis ulnch appear in the ivcal when the snlar lavs 
.le quitting our hemisphere, liavo otleii allhrdeil me the nniim 
tunity of observing isolated elnuds, vliieh had l.mfed (or al.m,. 
time, suddenly cliimmsh in voliiii'c and udimsily (he iiiHtaiK (In v 

In meditating on the causes nf theHO vnuishiiiga, iJ apm.ared i„ 

“SxL t ^ •5" ■»" 
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Moieovei the eitt” always falls in summoi oi at the coin- 
mencetnent of autumn at the close of waiinj moist days, uiulci 
a si y slightly scoiched and whitish {hMc el blunchdi) c) llioc 
IS eveiy leason theiefoie foi believing that the tui is then saluiatf’d 
with humidity up to a ccitain elevation, and that the uppci poi 
tion of this diaphanous vapoiii is tiansfoiniecl into vc'iicului vn 
pom by the cold which piuvails in the Iiighei icgioim of the 
atmospheie These vesicles which aic sufficiently line mid uiu 
fomly scatteied as to cause only a slight tinge of white which 
does not sensibly altei the piopei coloui of the atmospheie will 
theiefoie lose, with the last lays of the setting sun, the heat 
which supplied the losses caused by then lacliatioii info space, 
theie will be a loweiing of tcmpeuitiue, and the foiniation of 
small diops winch, tiaveising m then descent the lowci atialn 
of an atmospheie saluiated with humidity, can &uQci only ii 
feeble degiee of cvapoiation, and hence will even undi the 
suiface of the eaith 

tlusk may leiy piobobly piny n ccilnin pnU m tlio pioduclion of tins pliaao 
nienon I alee this icmntk because on loukiiif, nt (lie moon lliiuugli n (,)o(I 
glass I liav often obsoi ved its disc tinvciscd byfingiuints j1 tlmidA whtlal 
the stnis evorjwboio sbono biigbtly and the sky appealed pLifuclIy elini 
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Expo mental Rt^emches on the Action of the Magnet upon 
Gases and Liquids^ By M Pxjdoitrii^ Pi ojeshoi ofNatm at 
Philosophy m the Untveisiiy of Bonn 

[I lom Po^ 0x1 01 AT s AnnaleUy Mnidi 181S ] 

1 As subject of lilt picscnf, uliicli is mj tlnid communica- 
tion, I have selected fiom my cxpciimcntal icscaichts upon ilie 
notion of the magucl, tuo chsse& of plucnomcnn — one ot mIiicU 
iclatcs to the ninj>nclic oi duimagnctu action of the m'lgnct upon 
liquids^ the othci to its action up(m//a6C9 In the obseivation 
of the (oimci I adopted a diffeicnl method ft om that of t inday , 
I obseued the motions of the vuuous IkjukIs abo\G the appioxi- 
mated poles of the magnet, and the altiiations pioduccd by Iho 
poles in the foim of the sui/aecs When, as in tlic blood, minute 
coipnscleb aic suspended in the liquid, Liu mieioseope maj bo ad 
^anlagcouslJ called m aid to obs<ne then motions In ill these 
e\pciinients I lound iMuadayN lesults complcUly conhuned 
Nol so, houciei, uith Kg ml to tlu uac lions ol gaseous bodies, 
foi in tins ease nn cxpciimonis led me to lesults ulueh com- 
pletely con tnuhet the slate Hunt ot tins plulosophci, tint bodies, 
n passing into 1 lie gaseous stale of agj^icgation, become indd- 
eient to inagnetibin I communic ilc tlusi icsults uilh that 
lithdonec uliieb bceoniia me in opposing so gual an cvpcii- 
nentei 

2 In my iniesligutions I made use ot tlu hoist shoe chcUo 
nagnet, which has been dosciibid m the sciond [lauigiaph ot 
ay hist inemou (p ^51), tins stands peipendiouUiily, so that 
he siu faces of its poles nic dneetod upnaids To allow ot tlio 
icicasc ot till magnelK tension in clifti lent ways ])j the ap- 
loximation ol the poles, polished pu i ts ol non ol \au(>u^. foims 
cH applu d , and these being united in pans, foimed tlie 1 1 opex 
hey consisted ol,~/n9^, two paiallelopipcdal Imhis of the 
ecpoi (A), which liavc boon mentioned in paiaguiph 11 (p 372) 
the previous momon, 27 milhins in Imiglit, 37 millims ni 
cadth and 198 mdlims m length, ^econdh/^ two halves of the 

♦ i uimlntod by D) J W Oiirthli 
A or V I Aur XX 2 p 
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Iccepei (B)> as high as thepieceding;, asbiond the poles of the 
m-ignet and 176 milhins m length loundod oft cnculailj ou oxio 
side, and so n mow that the teiminal suifiucs formed endeq 
25 milhms in dnmetei Upon these pieces of difFaent shapes, 
such as conical apices could be scicwcd these tuo halves of 
the keeper may also he advantageously substituted foi the o 
peifoiated cjhndiical appenda^^es ^utli the inseiUd pointcel cy 
Imcleia, an the cxpeiimenta descubed in the tuo pieeiding me 
mons Evpn^\lth the most poMcitul magnetic exoiiation and 
tl e gieatest appioxmi ition of the come d apu es, these two huU es 
of the I eepei do not fly to^^ethei I'/ui dlij tu o hca.\ ici ImU es of 
the keepei (C) these wcic oiiginally intended foi optical pui- 
poacs 40 xmllnns in height, 131 imlhms bioad and 201 milhms 
in length, cnciilaily lounded at one end giadually tapeung at 
the otliLi, and piolonj^ed into a lectanguhn siufuce of iO nnlhme 
and ^9 iniUims In the middle of these tuo halves of the 1 cep£ 
thioughoiit then whole Icnt^tli a gioovc is cut, 20 miUiiiis m 
bieadth, ot the same depth, and the edion ol uhicli is scmiLU- 
culai at the bottom Ihc halves of the 1 ccpci (A) and (t 
^\llen the excitation is veiy intense and the appioximation sulli 
cicnt aie attiictcd by each othei uilh yent toieo tluy me 
1 ept apait by pieces of biai>s of tlififcienl thicl nesses jihiced be 
oen them 

In the expciiments upon the fico asecndin^ ^^ases the icctaii 
gulai gla 8 case of the toision balance, winch, xalieti the lutU i iB 
lemoved has a lectangulii apeituic at the top m the nnddloj 
23 Jk milhms in length m the cquatoilul diicclion (coi icspondmg 
^ to the bieadth of the c ise) and O'? milhms in the a\ml dncction, 

4 as geneially placed upon the moveable tabl with the two i ouud 

holes thiough which the aims of the magnet passed 
^ In the expeiiments to be descubed I used fiom fi\c to icu 

^ Gloves cells the laigei numbci only being set in action 

the nitiic acid had been ficquently used picviously 

§ 1 On the Diamaf/ndism of Gases 

3 Taiaday devotes the paiagi aphs 2 100 to i 11 6 of the in onty 
fiiat senes of his Expeumcntal lleseaiches on Llectucity^ to 
the action of magnets upon an and gases, and in the last pai a- 
graph ax lives it the following conclusion — 

^ Whatevei the chemical or othei piopeities of the gusca^ 
however different in their specific giavity, oi however laried in 
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tlioii* ovt^n degiee of laietaction, they all become alike iii tlieu- 
ielation,ancl apiiaicntly equivalent to a pcrlbct vucuuiii 
^c>clloa which aie veiy maiketl ns diamngnelic substaiiccH, imine- 
lose all tiaecs of this dim acler when they lieeomc vu- 

^ - Fai'aday pel form eel his expcuinoiit by taking an open glass 
tube, ^sd^Ich was as iiuhffciciit us possible to the iiiagiiut, and 
the ail had been wiUuliaMn fioiii it, heimelieally sealing it, 
allowing It to oscillatoj both he (ore and til tei wauls, between the 
poles suriounded by nir He found no dilloienee, even \ilieu 
the tubes neie allowed to oscilliite in Mil ions gases, nor wlieu 
t^ned w-ith them. Noi did he (hid any did'ereneo on allowing' 
the tube, eithei contmning gas or not so, to osei Hut o m n. iter, 
aieoliol oi oil of tinpcntinc, noi, lastly, nlien a solid diiiiiiag- 
notic body, as heavy glass or a bar ol bisiniilh, was niiiclo to 
oscillate in diffeieiit Kinds of, or vauoiisly conipieshcd gaaea. 
On first pel using these c\pcnmcnla, it was evident to me, on 
mecbanical giouiuls, that for any dloet to he appaient in any of 
tlienn, the gases must be inngiietie or diuiiiagiietie to a iieifoelly 
enoi’uaoua extent, for (he in.igiietic or diaiiiagiietie imeo ol a 
substance must evidently diiiiiiush \ulli the laielaelion of the 
substance. Wo will foi a numieiit considei, hy|iolhclically 
only, this diminution and laiefaetioii ns in piopoition to each 
other, as 13 the case with nUraetivc foioes, uiid also, which is 
moi’e to the piescnt point, in the case of the lolatioii ol the plane 
of polaiization in liquids, ui whieii, in a Bohilioii ol Hiigar c.f/, 
the amount of lotation is in propoitum to tlio quantity of augur 
in solution. A ninguctically mdilleioiit lube, wlieii eoinplelely 
filled M'ith vvafei and auepended so us lo oseillulc hori/.onluliy m 
■\satei*, does not aasunie a dehiuto position helueen the poles of 
a magnet, because the same force whieli urges the wider con- 
tained in the tube to assume an uipialoiial )umitioii, is eomiler- 
balaiiced by the diamagncfie cxeitaUoii oi Uio aiinouiuliiig wider. 
If' tlie tube, when oscillating hoii/.uulally, coiiIiuiih only hall the 
quantity of n ater which it oiigiiially did, and which then I'ov the 
same length has only hall the hcctum, the second loiee will pie- 
pondei’ate. The tube is diiven into the axiat direetioii, niid is 
letained in tins (Jiiection with a foicc equal to half Iho diamag- 
netic force exeitcd upon the entire mass of the water oiiginally 
contained in the tube, and which we shall consider ns unity. If 
only the TirVtj^b of the oiiginal water remained in the lube dif- 

2 p 2 



5o6 


PLtJCKER OV IHL ACIION OF IJIF M VGNm’ 


r 


fused equally tlnoughoufc its longifudinal diicction, Llio tnbo 
%^ould be lel'iinetl m the axial position with a loicc nmounlir)<^ 
to and this foice A^ould be eqinl to unitj itself if the inbo 

xveie cntuel} fiee fiom atci i he diflci ence bcU^ cen llicso t^^ o 
fuices uhich amounts to onl} the y^j^gth of tlic niu^nituilc of 
tint diamagnetic foicc oii^^inally acting upon the \uitei (on- 
t lined 271 the tube cm ne\ex be shoyn by the lotation of the 
tube even independent!} of tho ic islancc in the sunoiuiding 
fluid If the mass of^atei yij'yiy ^^a coii\ cited into the foini 
of laponi i^ithm the tube no alteiation would be piocluctd snp 
posing that the nction of the macjiiei upon the molcciiks of ita 
1 apom w eie th same as upon the molecules of watei i ho dni 
magnetism of the vapom of witei could iicvei tbciofoic be shown 
in thib waj 

The same occuis in nil the othci cxpeiimcnts detailed at tho 
commencement of tins pningiaph 

5 raiacla\ s^^s.— ' I haie inngiiicd nn c\pcinnciit amHi one 
of Gigniaicl de la lorn s, a3tliei tubes but oxjxcl to find gu at 
difficulty in cniiying it into execution, cliiefiy on account ol tho 
ahength and theidoie the mass of the tube ncccssaiy to usisl 

the expansion ot the impusoned licnted cfhci * (^H>) If 

Tnnds) s expeiimentsl si ill should succeed m oveKoining Iho 
difficullies of tins expeiiment, \ie should obtain a diic< I det isive 
answei 1o the question whethci dnmagnctic fluuh lose then 
diamagnetism on conveision into the stale of vnpoui 1 tuaday 
anticipates an affiimative nnsuci , liowevu, on llie Liouud ot 
the expeiiment subsequently desciibcd, I confidently tvpcet a 
negative answei ^ 


6 On mv oun pait, to decide upon the diamngnelistn ol tlie 
gases I fiist endeavouied to diminish the mass of tlie loscivun 
enclosing them md 1 thus among olhci tilings, ai„v. d at the 
idea of using a soap bubble as the envelojic In a pi eliminaiy 
expeiiment Hnd a lamuia of mica upon the tuo appioxinmlt-d 
sm laces ot the poles of the electio magnet and pi leid a soap 
bubble of a hemispheiical foim upon this, but I did uol fiild 
the magnet exeit anv action upon the foim ol the s inp bubble 
this a as also equally the ease when it nag hlPfl „.,l, n , ’ 

It Mas filled with tobacco smoke I then eninfl 1 ” ”” 
foi enclosing the gases and the use o tL ^ 

magneto, d„m,g„eto o. nculril .Uite nf n, 
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7 I phced the ts\o halves of (he kccpci B (see paiagiaph 2 
Mith the conical apices scicued into thcnij upon the sui faces of 
the poles^ in such a nianiiei that the distance of tlie two apices 
fi om each olhei amounted to 1 5 niilUins Bene ith them I 
placed a picMously heated thicl plate of platminn, and covcied 
the whole uith the open case ot the toision balance mentioned 
above Small pieces ol iodine mu c placed upon the plilc of 
platinum, and as soon as a \ciy nan ow column of vapoiu of 
iodine ascended pupendu ulaily betueeii the apices of tlu poles 
the magnetism u is (xulccl b\ closing the cncuit Tlie column 
uhich was picvioiisly ascending pcipciidiculaily, inmediately 
expanded aho\o the apucs ot the polis so as to foim a pu i 
bola in the equatoiial plane , this, espci lally on tlie concave side, 
Mheic the violet coloui uas most intense, u is veiy a<eniaicly 
defined, and lemaintd pcil(cUy distinct foi an elevation of 3 00 
to 150 millims We shall heieiltei allude to a similai hguie 
foimed by tlie boot of a Uupentinc flame , and as a sketch o( this 
appe nance is subjoined, fiulhu notice of it uill be omitted at 
piesc nt 

The expenment deseubccl m the abo^e paiagiaph sho is be- 
yond a doubt that the vapoiu of iodine is itpdltd hy both iho 
pQle<i of a macpid 

8 This lesnlt is conflimcd when tho tuo paiallclopipcclal 
haUes of the kecpei (A) ni< appliul by then bioad suifaus If 
the ascending vapom of the iodine is then conducted between 
the l\so suifaics ol llu poles ot tlu halves ol the kcepei, it be- 
comes displaced latii ally (m an upuitoiiil diuelimi), and if it 
be allowed to ascend by tlu 11 side, it is lepdkd out u aids Tins 
effect IS found to be most miensc ulun tho magnelie tension is 
inoicnscd by again appiOMiiiating the two keepeu to withni 
3 milhms to 4 milhms 

9 In intcipieling the losiiH obtained m the two pietcding 
paiagiaphs, wo must not foigot that tho lodnu vnpoui is o\\\ 
loundcd by an This lodmc xapoui, lu piopoilion to the icpuU 
Sion which it cxpeiicnces by the poles of the magnet, cithei be 
comes diamngnctie, and if so, moic powdfully diamagnetic than 
the an, if the lattei is at all so, 01 it (\cits a ueutial le action 
But foi the ail to become magnetic, tlie foirnci, if not diamag- 
netic, must still be less magtuUc than the lattedt^ The foimei 

* llio lomarluiblo expiiimoiit of linadaV) in which he taispciulcd n glass 
tube filled \nlh a Bclution of pioiosnlphuk onion in a aimiliu ‘ioliUion betwoon 
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of these t\o Me\\s th it both thi whuc vnpoiu (Uitl tin iiu aic 
(Inmagnetic, is shown to be cvticincly piobn e y iitttpeii 

menfc detailed in paia^^iaph 11 » l ti 

10 A few dionb of btominc weie placed m ft feints icUnt w ith 

a shoit necl which was so diawn out that the apei luu was not 
nxoie than B nullims in dnmetex J he glass lotoxi was Uicn 
aiianged with its oiifice i in mediately bxncitli the apucs oi the 
poles, which weie 3 ^ milhms ftpait it was fhai hcfttuh aiul 
as soon as the \apoui began to flow out th< inagiictisni was o\ 
cited The ascending eolumn of vapom was uptlled in the 
equatouil plane tow uds that side of the apices on whicli it 
passed befoie the excitation of the mi^nctiBm, but not so con 
sfantly and legulaily a& in the case of the iodine Ihu^ iho 
icipoto of hoinme oLis in (jOiuoX in the satne mimiw lhai 
of iodine 

10 (t r/ie mpom of chloiine, evohed fiom pci oxide of innn- 
gaiiese chloiide of sodiuui and toncenii itltd sulpluuie ncKl, ^^au 


also lepelled 

11 In the same xctoit and with the same adjuBtmentj piocos 
of coppei wne weic placed and nitnc acid w as tlu n poui ed UJiou 
them, the mtious fumes winch wcie evuhed c oftped lioni tho 
oiifice with a \ nying imount of foice lhfttthc\ wueicptlltcl 
was at once pcieeptiblc but it was subscqncuLly loiuid^ us ilio 
vapom ascended in the foim of a (jhndci ol about 1 nnllims 
dncctlj between the poles, that they expanded above the apxcca 
oi fclie poles m the eqiatoual plane in the ioim of a puiabola, the 
summit of which was situated somewhat above the niiddie of tho 
space between the poles and the i\is of which was fox mod by 
the continuation of the diieetion of the oiignial gaseous < uuenl 
The lattei m the equitoiial phne letuined ncftily its oUj^auil 
dnmetei but sloped off at light angles to tins plane to about 
one half In the complete tiansvei c section of ilic piuabohc 
curjent the gas appealed to be neaily uniioimly difruscd It 
ascended legiuiriyto m ele\ation of fiom OOmillims to 80 mil 
liras although it was less distinctly defined than in the case of 
the iodine 


tJ)d pr) f a nflghet an I ulfouect it to osullate wlicn lube wm ft luul to 
becoi 0 r ang I xiaUv i equal hex e icaUnig niagnolically (r dui 

ni j ell Uv cco d ug s 0 e nto nol oj tJi evtoma/ s huJon wu iho tioiiLt.i' 
na^ be eu I> epe t d yh it any spcci il pucuiUon Uw thu n\wpo«c t 

ngin CIOS d ujin calces bladdct and mthoiU a Jc^epar 
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'^fius mhous gas acts generally in the same ma7iner as the 
^<^j>our of iodine and hoimne and chlot'ine gas. 

12 . Tlie experiment clcsciibed in tlie piccetUng painginph 
^specially claims oui attention, because mtioiis gna contains the 
^Eirne ingiedients as the air, but in diireicnt pioportions andm 
state of condensahon. If the gas were mciely condensed air, 
its repulsion in the ordinary atmosphcic would incontestably 
Pvove that both the air and the gas aie diamagnetic 5 for con- 
* 3 en,sed air, whethei magnetic 01 diamagnetic, is ncccasiuily inoic 
powei fully affected by the magnet than that in the ouhnary 
state j andfiom the icpulsion ot the Im’inei it would iollow tliat 
tlxe action upon the an is altogether dumugnclic, [For exactly 
tUe same leason^ a inoio dense stone, which eoniaiua moie maf- 
tei^3 sinks in water, wlnlsL it would neo if the atti action of the 
eai'tli weie to be convcitccl into a repulsive foice, liecnusc Iho 
fbi'ce of giavity acts equally upon the inatlcr of the stone and of 
tlio atei, we conchulc, tiom the sinking of the former, that the 
fui'ce of gravity exerts an atii active and not a lepuhivc jiowcr.] 

-A-ccoidmg to a geneial principle whicli Vtuaday (in the case 
of* solids and liquids) has laid down, cveij mc(‘hunical oi che- 
i^nical combination of diainagncite bodies only is neressaiily 
diEimagnetic, whilst every compound ol nnignotic bodies only 
is i:nagnetic. On extending tins piinciple to gaseoUs bodies, the 
ex peiiment in the preceding paiagrapli w ould rigidly domonstiato 
'tl'ka.t, if nitiogen gas and o\}gen^nrc uflo(*ted in the mme mannej* 
the magnet, the action of both, as also the action of the 
o-ii’ and of the nitious gas, must lie diauKupieUe, Ihit if tiic air 
exerted a magnetic action, one of the gases, eitlicv the oxygen 
ox- the nitiogcn, in fact that winch piedoiimuitcs m mtions gas 
irx compaiison wuth the air, hence the fust, must 1)(* diarnngnctio, 
i>lxe othei magnetic. The latter suppiisiUon Inis not per se the 
Bli^lxtest probability 3 on the other hand, wet might admit 
AvitK raoie ceitainty that the tiir is duxmagiiclio, and we shall 
adsxpt this view to oiii method of expressum in tlie subsc(|ucul 
venriaika 

US Visible aqueons vapour^ which must in fact be regarded as 
xiotlxing moie than a true gas, is also lepcllcd by the magnet, 
Ifc was evolved in a vessel used for the detei mi nation of the 
"boiling-point of watci, and conducted by means ol a long funnel 
between the apices of the poles, the distance of wliich apart re- 
rnained the same as bcfoic. The repulsion xvas very distinctly 



560 


ilI^ckcr on hid action or uti mvgnii 


r 


seen c\ en ^Mthout coa eiinj^ it w itli the rase of the toi ^lon biiluiicc 
'v^hich the ippaiatiis for evolving steam did not peiinit 

When the aqueous vipoui ^^a8 made to ascend in the same 
way beU^cen the hvo paiallelopipcd il halves of the 1 ct jki (A), 
nppiovimated to 3 5 millims at the inomeni of the closuic of 
the oil cm it vas foiccd fiom the intei mediate spiu c bci^^ccn 
them and extended latenlly in the equatoual plane 
Aqueous mpom ts i/ius iven moie siionybj chamuqnUic than 
ail 


13 cf Ihe follo\^ing piocccding was adopted foi evamnung 
the magnetic ichtion of the vapoii) ofmuemy llic coiuUuling 
vMie IS uing horn the platinum end o( a balloiy of U^tUc cells 
Mas conducted ii to a vessel containiiij^ mcKuiy^ Minch btoocl 
immedntel\ undei the ipices of the poles wlnlst the condiictuig 
Mue emanating fioni the zinc end was coiled loiiiid flit iiou 
nucleus of the magnet and afteiu aids tcinnnafced m tlu meuiii) 

1 he cii cult MIS opened by Mithduuung the Jo}mei eouclucUng 
Mile fi om the meieiii;^ and a^ain closed Mhon the vapnui of the 
meicuiy accompanjing the spaiks ausing fioni the scpmaliou 
ascended between the apices of the pole 1 he anticipated ic 
pulsion then occuued Hence the vajmw of u\u oivi \j is also nioio 
stionybj diamagnetic than an 

14 Since the diffeient 1 inds of flamoaaio nothing luoic than 
gases piocluced by the piocess of combustion ti( a icd hi at, w ith 
01 Mithout an admiKtuie of solid niitteis ataicd lieut, it hecamo 
of inteiest to subject them also to the action of the inagnrl On 
so doing veiy beautiful phanomenn icsulted those rxiubilcd 
great vauety accoicling as on the one hand the foim of the poles 
and then r^ance apait weie alteicd, and on the otliei vniioua 
Imcls of flames weie used When the kecpci (B), VMlh tho 
conical apices scieued on Mas ipplied most lemmlable pluc 
piesentoc themselves Ihesc I shall paiticuliuly dc 


lo When a common siea^ine candle m^s placed midwny bo 
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tween the two apices of the poles nppio\imatcd to 15 inillims, 
in such a mannei that they ^^ele situated at the distance of 
two thuds of the height of the flame, the lattei \^as depiesscd 
and expanded in the cquatoiml plane Its foim is icpiesented 
in the equitoiial mow (taken fiom the side of one of the poles), 
hguied m PI IV fig 1 PI IV hg 1 icpiesents the pcipen 
dicidai axial section of the flame 

When the flame ^\as moved out of the axial hue latoially, it 
was icpclled fiom that line When moved fiom the cquatoiial 
plane and nppioximutcd to one of the poles, it uns icpellcd 
tonal ds this plane 

IG A tallow candky hit) nine/ quietly and not smohn(/y acted 
in the same inannci TJndci the same cnenmstancos, the distance 
of the poks apait being 15 millims, it cxlnbitcd the cquatoiial 
view figiucd m PI IV fig 2 Above, the flame n as extended 
into a shaip iiedgc with a lectilineu section 

17 When tlio apices of the poles aio moio nppioximatcd, the 
appeal mcc assumes othci foims, in all the expeiinunts \Wnch 
I shall desciibc heicaftci, the constant distance between the 
apices of tiic poles, ^^hcic not cxpicssly stated othci n iso, was 
3 5 milhms 

When the above tallow candle ^^ns pheed betneon ilio poles, 
so that the lattei \^cie at 8e\cn eighths of the lieight of the on- 
ginal flame, the cqualoual view yielded the thud figiuo PI IV 
fig I (2 icpiesenis the coiicsponding axial section 

When the apices of the poles am ic at the middle of the height 
of the oiiginal flame, the equaional \jew jiddcd the fouith 
hgme PI IV hg I«iopiesents the pcipendieulai axial sec 
tion, and PI IV fig 4 6 is a \icw fiom abo^(, in Minch the 
flame has the foun o( an elliptic iing, sunounded by a small 
faintly luminous mnigm, and enclosing a daik space 

When tlie talloM caudle was cle^atc(l as much ns possible, 
hence mIicii the two apices of the poles wcio at the same height 
as the uppei end of the Mick, and the flame cooled by the non 
apex of ilic pok ceased to bum Mitli pci feet light, it not only 
peifcctly le aeqimed its foimei luminosity at the moment of 
closing the cucuit, but burned moic fieely, becoming dcpiessed, 
and assuming in^he cquatoiial mow the foim of the fiftli figuie* 
A peipcnchculai axial section is exhibited m PI IV fig 5 a 

18 As the tallow candle tould not be laisecl Inghei, a thm 
and a stea 7 me eanelle More taken , and instead of the conical 
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apices tv^o otheis, which «eie teiminated below by a timngul 
plane siuface weie acievved m When these candles^ the flann 
of which weie shoik '«eit gudiully laised highei, the phxni 
mena weie exactly the same, until at last, hen ilic apices i 
the poles ^\eie at about the same height ns the ccntie of tli 
wick, the foim coiiesponding to the fi/th hgmc, its apices, b( 
coming constantly moie depicssed, passed into the ioun of 
small veiy shaiply defined boat the wiok lepicscnting the mn' 
in the centie, fiom which the “aail, which was less lummoii 
than the boat itself was diawn down, hi o a tent, low aids it 
ed^c 

IJ In the expeuments with the talloAr cuidlc, wc made th 
expiesa condition that it deposited no soot A vuy smoh 
tallow candle exhibits totally diffeicnt pliounomcna When th 
two apices of the poles wcie at ihiee loiiiths of the height o 
the oijgmal flame the equitouul view, given m flg (>, in whicl 
the lineal dimensions aie iccUiccd to a foiuLli was obtained or 
closing the ciicuit The ascending giay smol o, at an clcvntior 
of 7 milhms expanded considciably m Llic cciuatoual plane 
It was simply bounded extcinally by a paiabolu the summn 
of which, O coincided exactly with the middle of the spaoc 
between the two poles, and letainecl its icgulauly foi a consulci 
able time and as fai as an elevation of 190 niiUims Intel nally, 
the boundaiy although tending to the paiubohc ioim, was altci 
nately luegulai and undulatin^ Moit sUon^ly luminous cloiula 
of smoke lotated lucgulaily fiom liinc to time in the inLunal 
space At an elevation of moie than 190 lujlhnis the smol e no 
longer ascended with umfoimity, but hi c a common column of 
smoke The flame itself which was dopicsscd and expanded in 
the equatoiml plane inclined tow aids the exUiual bouiuhuy of 
the smoke, at which becoming pai abolically hollowed out and 
foimin^^ apices it ascended, being shaiply defined, and on the 
outei side also was bounded byanauowdail gaseous stupe, 

which at the summit of the flame passed into the column of 
smol e 


20 Lastly I shall allude to the phacnomena picsentecl bi 
turpmhnefiame A nauow lemniacatc shape d « icl m ua spi e 

iw" " ''" 7 poicelaiu oup, o,i oi Uupentino w 

heo pouted on .t and it Mas xnflamccl It gu^c a toleial 
steady flame, which emanated fiom the entiic sni face of the ti 
pentme, and deposited soot abundantly iho apices of the poi 



UPON OASKS AND LIQUIDS 


* 


5GS 


extended into the upper pait of the flame, the gioat section of 
which coincided with the equatonal plane On closing the cir- 
cuit the flame \i as depiessed in the centiod niillims. todmillims. 
belovi^ the height of the apices of the poles 5 its entire upper 
boundary had exactly the same foim as that m the experiment 
last desciibod (fig* 70 * jiai tides of caibon ascending with xt 

united so as to foim a black sharply-defined line, which consti- 
tuted the uppei bonndaiy of the flame and ascended as a regular 
pai uboln to 180 millims , and fiom tins spot expanding spiiall^^, 
ogam followed the parabolic path to about the same height, and 
then Iciminatcd in the foim of an indefinite cloud of smoke out- 
side Che case* 

21* The pinabola jnst dcsoiibed in tlic case of the iuvpoutinc 
flame^ exhibited the sainc dcfinitiou when a jnccc of German 
tinde7* was placed under tlic apioos of the poles and ignit'd, 
The latter was carboni/ed without the pioduotion of flame, and 
simultaneously nui i ow dense columns of binoke abccndcd, When 
the cii cult \ia3 closed at the moment at m Inch one of these passed 
bct\^een the apices of the poles, the parabola was immediately 
formed. 

The same also occuued, but with a somcwlmt less distinct 
outlixio, Mith the smoke arising fiom a ialloto candle which had 
been blown out* 

22. A small piece of was placed in a porcelain cup, 

which uns made deep in the centio, and then ignited. Alter 
it hud become fused into a maas, which was 7 millims. in dia- 
meter, It hurnccl qiuctly, and fbnned a regular cone of flame of 
about 6 milhms. in height, the upper pail of winch csteiuled to 
hotw een the apices of the pol(‘H At the moment of closing the 
ciicuil the flame was dcpicsscd, and then ineicly fornu'd a layer 
of flio lying upon the fused mass of sulphur, Duiing the mag- 
netic excitation the sulphur burnt more quiekly and boiled 
violently* 

22 a, When, m the expernuent deseilbod in the last para- 
guijih, a piece of pliospliouis was substituted for the suljihiu 
and ignited, the flame, which burned biiglitly, was in this ease 
also deptessed: this phenomenon nas aceompnnied Msth the 
painbolic ascent of the bluish flame, which has been so iiecjuenjly 
clcfioiibed before, and Mas here seen in lomarkablo beauty, 

23. A Jlame of alcohol^ 2f) miUmia, in lieight and burning 
steacIiJ^^' with a violct-coloured flame, on closing the circuit, was* 
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dcpiessccl in the sumo inannoi ns th( flame of a slcuunc candle^ 
and at dideient elevations ussunucl tlic coiicsponding foims 
Ihe combustion uas uicicnstd, and thcoii^inal dull violet coloui 
became ot a beautiful yiUow 

21 Ihc inotasL 0 / the flame \Aluciih«s al\Mi)s lullwito been 
found to occiu, evidently depends upon the llaim ol the soiuco 
horn uhieh it is supplied benif^ lnon( Id lu lun by the magnet 
Ihc alcohol, the sUnune and the aulplua me mme lapidlveon 
sinned on ncoount of the inei eased heal Jo astciLiuu specialty 
the cause oi the ])ioclue tioii of the ycllou eoloin of the flame by 
the magnet, wliicli did not oeeiu in iho combuslion of the sul 
phui, alcohol witlioul a loid wm plueeel uiule i the npiecs of the 
]K)leb in a ihnuhU shaped ^(ss(l eif eoppci inul ignited, Cbua 
icplaciu^ the common spnit lamp Ihe flunu was (be n changed 
in foi m as befoic', but wilhout be tomaij^ e olouuel } e Ilenv lie nee 
the yelhiw eoloni m the lonne i espeumenl appeals to hiivo 
ansen liom eaibeiiuutous pm Lie hs hnvuif, bee onu ch tuehed fiom 
tlicwiel , and llus aj-,ain is pieielueed h) llu Ilium biingpicsscd 
clown upon the wul by the evciluliou of Clu ina^^iie(ism> and 
ilio wul thus jiaitly eiuboiu/ed 

25 It was still a point of inteiest to e\niiunc the flame ofhy 
(hogen^ wlmh, as is welt known, ineiely emisisLs ol n<inet)us \u 
pom at a led luat llu hyehei^en {.us was e Milved m the endi 
naiy way bom pieeesol /me and dilute sulplunu Held miel, on 
turning a cod issued iiemi a glass lulu chawn out lo a fine 
point, Llio apcituie of which was place, d Ixiuiith the middle of 
the space between Uicapuesof the pedes, nuclei a pciptiidiculai 
picssiueol watei, winch at the eomnuiuenunt waa llOiinlliins 
in height Altoi agmting it, the magntlmiu was txeitcd At 
fust, fiom the gicat fence wilh winch (he gas eaeaped no notion 
upon the flume was jieue ptible butiiHthe piessuu ol the water 
contmued to dnnmish, the flmno at (he snini (nne becoming 
smallei, Iho eflLet soon bee une appau nl, and the name was diivcn 
lateially and elcpiesscd exactly as m the fonnei nnulogouH caao» 

26 When wc leflcc t upon the phcmiomcna w Inch the chfteient 
flames have exhibited (11-25), all the vauouB foims me cxpli 
cable on ihc assumpUnn, that the mass of the flame la icpcilcd 
by the magnet, and (hat ihia icpulsion piuici[jnlly Inkers place 
ftom ihe axial Imc in all diicctlona Iho loim of the flnmo bo 
comes dianged in consequence of evteuinl influcncos, in exactly 
the same mannei as m the oaac of a volume of gas onolosed in it 
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thill envelope, The ouginnl foim is detci mined by the ascent of 
the gases evolved from the wick. In the hist and second figme, 
the lateral icpuUion, by c\panding the flame laterally, produces 
dcpicssion of it. If tins action incieases, the two outcimosb 
apices become inclined upnaids towauls the eqnatoual plane, 
just as the ouginnl flame docs (Ph IV, (igs, 3-5), whence in the 
fiist two instances a depicssion is piodined in the centre. But 
ivhcn the poles aic situated lowei down, the flame, winch dciives 
the gas by which it is led fiom the wiek, cannot leave the wiek, 
an elevation then occuis in the centie, as seen in the fifth figuie* 
The elevated poition is here less luminous, for the same leason 
that the lowei part is so in the case of the Ihune of the common 
w’a\ candle, 

27, In most cases the flame is depicssed, and conboquontly 
inci eased, by the magnet. Both these olTocts are the jcsulls of 
the repulsion pioduced by the latter This icpulsion how’cvcr, 
under alteied cncumstanecs, must be capable of producing a 
diminution, as also an elongation of I he (lame, The former was 
accidentally noticed in a small steanne Ihune, which, when the 
apices of the jiolcs woie depiessed consideiably below the wick, 
was in fact cvtmguishcd on the excitation of tlic inagnotism j 
evidently because the gus winch fed the flame, befoie aniving 
at it, was repelled lutmally The llame was mm cover rlnm- 
nished by the lefrigcratiou arising fiom the apices of the poles, 

28, When, on the other Imnd, tin* flame m completely above 
the surracc of the jiolcs, and the dnccUon ni winch it is lopclled 
by the magnet la dircetocl pcipcudiculaily upwaids, the ilanic, 
if our view be coricet, should he cionguted inatciid nl hcnig 
shoitencd. To confirm tins by direct i*\peiinient, the parallelo- 
pipcdal Imivos of the keeper (A) w(*ie laid on Hut, and letained 
at a distance of 3*5 nnllnns A eommoii lamp wnck was led 
close above the muUll(‘ of the upper angles of the hvo eonc- 
spoiicluig rectangular surfaces nl the poles, and then with both 
ends between lliem into a vessel sitnaled beneath, and filled w ith 
alcohol, When the wnck hud become soaked, it was set light 
to above, so that the flame was not dillused over that poition of 
the wick wlueli had been conducted (o the upper angles, Tho 
flame, on closing^tlie cnenit, heenmc 

In this cxponmonl the burning poition of the wnck must not 
be advanced fiom the centre of the upper angles to their extre- 
mities, because tlie flame is then simultaneously repelled laterally. 
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29 Ihe eNpeiiment desciibed above pioves Ibnt the diffcicnt 
mes which were e'camined net diamngnctically> anil inoio 
Cl that they aie all diamagnetic to a gicatei extent than the 
Hounding an Gianting on the one hand thntflnely ihvidLd 
ibon at a led heat exists in the flame ol tallow, si cm me and 
IX candles as also m that of luipentiiie, and on the olbn 
nd solid phosphoiic acid at a led heat in that of tin phos 
oius, and that the lepulsion obseivtd might bi nttubutul to 
se two bodies, by supposing tint they caintd off the m’ 
t gases with them — still in the otiici fl lines wbicli weio 
ammed no hnelv divided solid bodies exist which could pio 
ce the lepulsion Thus the watoy wpom oj the hyeboyen 
me the caibaaic acid mixed xodh loaUiy lapom xu the alcohol 
me and the sulpkwovs acid in, that of buiiimy sttlphio^ aie all 
i e powei fully dianminelic when at a xedhail than an 
Ihis lemaikabie insult siii puses us moic wlun wo considci 


IV laiified these gases aie at a icd heat, and wi in c inv oliintiiulv 

to inquiic whethei the elevated tempeuituie is not I ivoutablo 
the appeannee of diamagnetism just as on the othei hmid it 
iimshes magnetism 

50 At theveiy eommemcraent of my magnetic leseaichcs, 1 
feavouied by means of the magnet to detect the non in an 
ihohc flame, the wick of which had been nibbed with finely 
ided piotosulphate of non, and whuh consequently binned 
h a beautiful yellow hj,ht I then obtained a negnlive leaulb 
ich m subsequent repetitions I found confirmed by the flame 

experiencing any less icpulsion fiom tho iiou m ailinixtmo 
n without It m tact even isolated particles of non at a lod 
It which ascended with tho flame, vieic not inteiiuplcd in 
ir motion by the magnet 

51 The phamomenn which occuued with flame did not foi an 
tant leave room foi the idea that the icpiilsiou obscived could 
e fiom ciinents of an Such cuiicnts could only be pio 
ed by the action of the magnet upon it, not bj Urn /Jauie li 

because Us action ceases simultaneously w,th the magnetism 
might be itnagmcU as wc legaid the an as cJwmas'iieiie, that 
en we applj the p uallelopipcdal halves of the 1 ecpci fA) as 

t the an at those spots vvheie tho dmmagnete mtwn was 
mgest (the magnetism being strongest nt the aurfneos of the 
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poles) would be expelled and constantly replaced by moroi whicli 
enteicd at those spots wbcic the action was moic feeble. The 
flame, when brought lateially into pio\imity with the surfaces 
of the poles, was lepellctl; and nhen I insorlcd a lainiim ol nnoa 
between the flame and the halves of the hecpci, the tlame was 
less poioerfulhj lopelled. But as the pioxiinity ol the lanuiia of 
mica e\eits a distiubing influence, I shtill not at present venture 
to decide whether the diminution of the repulsion should be 
ascribed to a cm rent of an or not, alihongh it uould have been 
veiy interebtmg to have diiectly pioved tho diamagnetism of air 
m tins manner. 

32. If an is diamagnetic, which we can haully doubt, it 
IS repelled by the ]iol(*s ol the magnet, and hcnco is ^mojied 
^\hcn in pioxunity to tium, This laudaction however cannot bo 
detected by means of the buiomcter, beouiise the air to a certain 
extent simultaneously aequnes a gi eater state ol tcusion. For 
this purpose I ihoiclbio adopted another method, and took a 
glass cyiindci about 00 imlliins in length and 30 milhms. in 
bicadth, V Inch was so depressed in the middle as to allow of the 
conical apices of the halves of the keeper (B) being placed in tlio 
clepicssions, and Inch wine then only a few nulhmeUes apart. 
A nauow tube was liisocl to the cylinder, tuul the air contained 
in it confined by placing a diop of aleohol in the tube, so to 
allow ol its being tlecidcd as to the mngncliBin or diamagn(‘tism 
of the enclosed air by the motion of the drop on closing tho 
0 X 1 cult. AUliough no delinitc xesult ensued, I think ol lepeatuig 
the expeumont uiuler dillereiit cucumstaneea and with greutex* 
intensity of Ibroc. 

^ 2 On the Ma(j7ictir or Jhainuffnciic Driwytmcni o/Liquuk. 

33, When mnaaes ol line non filings are placed upon the ap- 
proximated poles of a iiuignot, in eonse(|uence ol their being 
ntti acted by these polos they Ibim heaps, which assume cliffeienl 
configiu aliens accouhng to the lovm of the poles and thou* 
distance apuit Ilcncc magnetic lliuds must bo afleeled in a 
corresponding manner. Stalling fioin this point of view, I first 
pheed diflcrcnt liquids in u waleh-ghiss above the poh>8 ol tho 
electro-magnet, <md the phaiuomcna which were observed cor- 
lesponded perfectly to my expectation. The liquids w*erc more 
or loss strongly attracted towwds those points at w^hich tlie mag- 
netic action is strongest, hence principally towards the angles of 



568 PIl^CKDR ON TllP ACaXON OTIHI MAGNFr 

the aul faces of the poles and in consequence tlicu suifaco 
assumes lemailcnble forms^ the peifecl exphnation of uhich wo 
find in the analogous appeal ance fiom which staited in this 
para^^iaph I shall next desciibe these phenomena ns they 
occui in a pouei fully magnetic liquid, a toluablj coiiceutiatcd 
aqueous solution ofpe)Chloiide of vion 

34 I chose the halves of the keepei (G), nicnlionod in tho 
second piiagiaph, on account of then gioatei size, ind njiplied 
them, with the polished giooves dou nwauls, to the sui faces of the 
poles of the electio magnet m such a mannei that the lounded 
ends \^eie turned towards each othei, and ictained at a definite 
distance apart A watch glass cut fiom a spheic, the indius of 
which was 36mi!hms,was so placed upon the halves ol tho 
keepei as to be m contact with them at those points winch wcio 
neaiest each othei and the liquid was then put into it When 
the least dist nee apait of the two halves of the 1 ccpci amounted 
to 2 a millinis and when the quantity of the liquid was such 
that its cncumfeiencL foiined a ciicle of 35 inillmi«i in di imotci, 
on closing the cnciut the liquid assumed sucli a foim as, when 
seen fiom abo\e to appeal bounded by an almost tint gcomo 
tiical ellipse the laige axis of which was in the equaloii d piano 
and the small axis in the pei pcndiculai meucbonul jilanc ol tho 
magnet* The foimei was 10 millims and the lattci 25 mil 
lims in length The height of the liquid bcfoic and aftci tho 
closing of the ciiciut, was mcasuied by the spheiomotei, and it 
was thus proved that the magnetic foicc had i aisecl the fluid in 
the centie 1 12 millim In fig 8 the laigci ciiclc itpusxnts the 
original boundaiy of the liquid viewed fiom above, and this 
ciicle 18 changed by the magnetic action into the oiitci ellipse 
The liquid is foiced into the equatoual plane, foiming in it an 
eleiated iidge the ciest of which is constituted by a ciuve, 
which m the middle almost slopes off to a stiaight hno, and at 
the ends its convexity being alteied, lapidly sinks down to tbo 
glass The section in the meiulional plane is bounded above by 
a cuive elevated in the middle 

* By dll teim in conformity with rnuulay s syBtem of notntjou I donota 
all planes pa sing through tho ixul (that Uniting the pole^ ndit lino When 
a ly two s>mmotncal h Wes of tho keepei aie apj lied to Uic%rl/ico» of the pelt a 
of a h raesho magnet there aie always two pincipol plunoa ono ot wlnuh 
passes tlirongh the axes of the two aims the sec nd which is pn pendJcnJai ia 
the first th ough the central line ol the magnet Iloieaftei wo sliaU douomi 
nate the forme tl e m rt itotiai and the see nd the equatoyioi piano 
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B5, The magnetic action everted upon the liquid moic ap- 
parent ^vlieii the quantity of the latter is diminished When its 
<3iicuinfcience onginally formed a ciicle of 26 milUms.j tins, 
viewed fiom above, evtended itself, becoming nai lower in the 
axial and bioadci in the cquaiouul direction, into a more o\- 
ceutiic ellipse, the aKOS of which wcie 30 5imlhms. and 1.3 
nulhms* (PI IV. fig 8). The axial soctum of the liquid, lu the 
direction A B, 18 rcpicacnted in fig Sai the cquatoual, in tlie 
direction CD, in fig. 8 b* 

The upper angles of the two halves of the keeper upon which 
the Ti atcli-glass stands aie indicated in figs, 8 to 12 by the two 
ares of laigei radii 

BG, When the shoitcst distance apart of these two iialvcs of 
tlio wasinciensed to 8 millims., the form of tlic fluid, the 

utnotint last used being ictnincd, \\m very essentially altered. 
When viewed from above, it formed (Pk IV. fig 9) an oval 
figure, winch deviated considerably fiom an cllipbc. Its dimen- 
sions in the equatorial plane remained tlic sumo, but in flic 
meiidional plane the fluid had conti acted to 14*5 milliins. 

9 a and fig. 9 b represent the sections of tlie fluid in the directions 
of A B and C D icspcctively ; botli are bounded above by almost 
straight lines. 

The quantity of fluid remaining the same, the polos MCrc 
separated 15 milhms. fiom each other; tlic form given m (ig. U) 
then resulted, by Llio conti action of ilic oiigmal circle in the avial 
as also in the equatorial dueetiou; in the former the convexity 
of the circle was diminished, in the latter it was elmngod in the 
centio into a concavity. The new boundary curve came into 
contact with the above circle, by which it was eomplotely en- 
closed, in those four points tin ough llie perpeiuhouUu prujeetion 
of which the upper angles of the two halves t)f (he keeper ))us.s<hI, 
Viewed from aliovo, two elevated ridges ^^clo scon; iliese coin- 
cided with two light linos, the piojeclions of which wore m coin 
tact with the angles of the halves of tlie keeper a( fhose points 
where they were least sopniatcd, ami in the eenlie betweenth o 
t^vo a depression running paiullel wilh them and situated in the 
equatoual plane. The two sections of the llqiiul in the direc- 
tions of A 13 aud\) D, in the instance described in tlic jireceding 
paragraxih, wcie here so changed that tlic fonnei (Pk IV. fig. 

10 a) ncqiured a depression m tlie ccntie, and tlio latter (fig. 10 b) 
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lemaining lectiline'ir in the centie^ foimecl a cuivo with its coii" 
cavity turned ton aids the ivatch glass 

38 The two halves of the kcepei wcic next placed at a distance 
of 23 millims the fluid then piojcctcd even beyond then uppei 
angles On closing the c icuit the fluid became extended into 
an elongated oval the gieatcst dimension of which comcidcd 
with the aoaial dncction In the ccntie the sinfioe of the fluid 
was depiessed almost to the glass^ and became acciuniditcd 
peipendiculaily above the angles of the two halves of the kcepei 
The view fiom above is lepiesentcd in fig U the section in 
the diiection of AB m PI IV fig 11 a In the cquitoiid 
plane the oval was somewhat compicsscd m the centir the sec 
tion m this plane couesponded with the uppei suifacc of the 
watch glass 

39 Lastly^ the poles wcie placed at a distance of 31 

apaitj so that the oiigmal cucle foimed by the hqmd Mas cn 
tirely contained between the Iialves of the 1 ccpci On exciting 
the magnetism, it was conveitcd into a slightly cxccntuc ellipse, 
the long axis of which was in the meudioual plane (PI IV 
fig 12) In the equatoual plane the am face of the liquid 
slightly depiessed 

If, with the gieatly diminished magnetic tension consequent 
upon the scpaiation of the halves ol the kcepei, a cuiicnt of 
gieatei intensity had been used and the liquid had xcached the 
halves of the keepei, it would of couise have assumed a foim 
somewhat appioaching that seen m the pieceding case I ho 
gradual tiansition of the foim in fig 8 to that of 12 may bo 
readily followed, and considered as neccssaiily dependent upon 
the attractive foices and the cohesion of the liquid 

40 P'iotochloudeoft^on when dissolved in watei was found 
to be somewhat less strongly magnetic than the peichlonde, and 
piotosulphate of non still less so When the aiiangoment u ns 
the same as m paiagiapli 31, a conceniiatcd solution of the 
lattei in the watch glass foimed a cucle 2G milhms m diamc 
ter, which on the excitation of the magnetism was convei ti cl 
into an ellipse, the axes of which weie 27 5 millims and 23 5 
milhms in length 

41 A saturated solution of pc^mhaie of Mckcl was moie 
powerfully magnetic than the solution of the piotosulphate of 
iron at fiist it formed a cucle 30 5 milhms in diameter, and 
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n.fber the e\citation of the magnetism^ an ellipse^ the a\es of 
^vhich were 33 nulUms. and 20 millims, in length* 

42, In all the pieecding expeiimcnta ten of Giove^s cells wci e 
set in action; but a sincjle cell only was sufficient to lender tlie 
effect pciceptible. In the e\pciimGnts upon flaine 3 describeil in 
bhe earlier paiagiaphs of this memoiV;, tivo cells at least were 
Inquired for this puiposc. To ohscivc the effect with less pouei- 
fully magnetic liquids^ the halves of thckccpci ucie usiuilly placed 
at a distance of 2 inillims* to 4 mdliins. apart, The reflection of 
the window in the liquid much facilitated the observation of the 
magnetic action^ especially in those cases wlicic tlic cxpan&ion 
and contx action of the fluid was only slight and difliciill to be 
peicoivcd, A solution of commcicial suljihutc of co))p(M’ afTorclcd 
an instance of wsliyfuly luagnetio fluid, piobably in consequence 
of ila containing non, as did likewise a solution of piotosulphalc 
of lion in watci, \ pail to 60 by weight, 

43, It was an impoi taut point to subject diitmagnelic ns \\ oil 
magnetic liquids to the same c\])ciiment; the resiills cone- 
sponded to my mitunpuliona. When the tuo halves of the 
keeper wcic 2*6 millmis, apait, the section in fig, B a eoiicspond- 
ing to the magnetic fluids bccunie that repieaontcd in fig. 13. 
[In this and the following figure the diamagnetic cllbet is icpic- 
seated us of greater intensity than really oecins with the abov(» 
intensity of the cun cut,] The fluid was exjianded in the axial, 
'^^hllst it was continclcd in the longitudinal diicction. Above 
the centie between the two halves of the keeper, only ixdeprcestoif 
conti acted m tlio equatorial dir(‘ction vviisfonucd, instead of tlie 
former elevated iitigo. When the tw'O halves of the keep('r 'wcie 
15 niiUims. apail, iusCoud of the section ol I he magnetic 1 u]Uk[ 
lepvescnicd in PI, IV, fig. 10 a section of the fonn of fig. 14 
was pioduced. The fluid e^vpanded both in llie axial and etpuw 
tonal diicction, foruinig in the cquuloual plane an elevated lulgo 
and two depressions paiallel witli U, the perpendicular projec- 
tions of which weie m conluet wifh the uppci angles of the halves 
of the kcopeix 

44, It was always found, when the two halves of the keeper 
were ictuined at a clistuncc of from 2 to 4 nulhms, apart on aeoonnt 
of the greater magnetic tension, thul no one of the various fluids 
which I examined was found to be indiflbient, In this way, 
amongst others, the following bodies were found to be diamag- 
netic — -water, aleohol, sulphuric ether, sulphuric aeid, nitric 

2q2 
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acid, hydiochloiic acid, soluhon of ammonia, siilpliuict of cai- 
bon, fcttty and volatile oils, Tivax in a state of fusion, aatuiated 
Solutions of nitiatc of bismuth, cliloiide of sodium, nitre, sul 
phate of soda, and especially fciioeyanidc of potassium, milk and 
blood 

45 Me) CM) y placed in the natch plas nas found to be indif 
feient to the magnet ■which at once gave use to the supposition 
that this depended upon its slight amount of mobility , and that 
this again might be explained by the fact, that it did not moisten 
the suiface of the glass But when the mcicuiy uas placed in 
a small brass cup nhich had been iccently amalgamated, it ex- 
hibited its diamagnetic leaction distinctly 

46 The diamagnetic leaction ot feiiocyinulc of potassium 
which Di Paiaday also obsened on allow mg the ciystnls of this 
salt to oscillate, w as least to be anticipated A sntui ated solution 
of the feiiocyanidc in watei was nioio poweilully diamagnetic’ 
than pme wutei Hence it was at least to be anticipated, that 
togcthci with the laige amount of non it contained, unusually 
poweiful diamagnetic matteis must bo picscnt in thi double 
salt, and that the same w ould be found to exist m the cyanide 
of potassium, which, when combined with cyanide of noiij 
W’ould Q\ ei powei the magnetism of the latlci and have i endciccl 
it decidedly diamagnetic But cyanide of potassium, when dis 
solved in watci, did not appeal to rendo %t inoie diamagnetic 

47 The piecedmg method of obscivation appealed to me* 
w 01 thy of fuithci application foi two icasons — on the oncj 
hand, foi enabling us to detect the presence of even the slightest 
tiace of magnetism oi diamagnetism m any liquid, and on tho 
othei, for nieasmmg the intensity of both With legaid to 
the fiist point, it might be expected that tho action of tho 
magnet upon the liquid would inciense consideuibly, when the 
lattei, instead of being put into a w atch glass, was placed upon 
a thin lamina of mica lying upon the two halves of the kocpei 
(C), a shoit distance only apait A stiongly diamagnetic liquid 
undei these cucumstances fbimed two double elevated iidgcs, 
seveial millimetres in height, which following exactly the two 
semicupulai edges, ascended highest at that pait whcie tho 
distance between the two halves of the keepei •fas least 

The action ot the magnet was stiongest when the same two 
halves of the keepei weie applied in such a mannei that as 
befoie they weie about 3 milhms apait, with then planed 
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grooves uppermost , and tlie latter^ one of which formed the con- 
tinuation of the othei^ wore coveicd with a thin lamina of mica 
at the spot where they are most approximated, formin/jj a budge 
from one half of the Icccpei to the other. When watei, which 
is by no means one of the most stiongly diamagnetic liquids, 
was then placed upon the lamina of mica, and walled in on both 
sides at some distance fiom the eentic by wax, on looking be- 
tween the two keepers, the watci cxi^itmg there was seen de- 
pressed fiom 5 to 6 iniUims, towaids the lamina of mica, so as 
to cntci the two grooves on opposite sides. Magnetic liquids, 
on the con li ary, moved ton aids tho centic, and there became 
raised up upon the lamina of mica 

48. On the other hand, the two |)arallclopipcdal halves of the 
kccpoi (A) weic laid flat upon tlic magnet, and placed at a 
distance of 8 millims, ajiart, in which position they were fixed, 
A parallclopipedal box, made of Ihm sheet biasa open above, the 
longest sides of wliich were of about tho same dimensions as the 
sur juices of the poles, was placed between tho latter, and being 
about 7 mniiins. wide, a small space vas lelt foi its play. A 
long glass tube of about 1*5 milliui, intcinal diameter, winch 
slowly ascended in the cquatoiial plane, was cemented Mater- 
tight into tho under pait of one of tho two nariow sides. Wh«m 
a diamngnetic fluid was then placed in the box in rucIi a quan- 
tity that about a third of it ivaa filled and at tho same tune 
the liquid in the iubc rose to about its middle, on closing 
tho circuit of a battery of from six to eight GrovcN cells, tlie 
fluid column, in the case of watci, solution of fervoi'yanule of 
potassium, and alcohol, iorg from 1 to 3 millims The reveisc 
occuned on using a magnetic fluid ; a saturated lupicous Holution 
of protosulphate of iron receded in tlie glass iub(* move tliau 
SO millims. 

I shall reserve for a future communication the invcsiigation 
of the question, how far the idea of an accurate comparative 
method of determining the intensity of the inagnotmm and 
diamagnetism of liquids may be derived from tho picooding 
experiments, at present confining myself to the phamomonon 
nlonc. 

49. In the consideration of the motion of tiic liquids, the idea 
of observing also tlw motion q/ the Jlnely divided sohd matters 
miwod with them was of Importaneo, and especially occurred in 
the examination of the blood. Faraday has alicndy asoortainecl 
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that this liquid is diamagneti^ which dots uot suipuse ns, con 
Bideung that e\en the feiioryanidc of potassium pioved to bo 
so I found this equally confiimed whcthei the blood of a iG 
cently killed flog, human blood oi the beaten blood of an ox: 
’lAas put into the uatch glass (14), and dso uhen the coipusclcs 
sepal ated by hltiation, diied, and suspended in the foiui 
of a solid mass between the apices of the poles by means of a 
silk woirn thicacl Anothei point of lutciest was the obsciva 
tion of the coipuscles of the blood sepaiatcty, as sninaming in 
the seiuni 

50 To lendri the nii€)o^co 2 )o applicable, \ihicb foi Ibis pm 
pose was essential, I at fiist used the h^tlvcs ol the 1 eepei (11) ^ 
and instead of the conic d points, scicwcd on U^ooiheis, the Iom gi 
half of which uas filed off into them so that, o'ltn when the 
points w le appioximitcd as much as possible, the glass upon 
which the object uas placed could be biought into almost abso 
lute contact uith them whence both the points and the object 
could be siinultaneously bi ought into the field of the mitioscopc 

In most cases howcvei on account of the gieatci inn„nctic 
tension and moie leady adjustment, I picfcuod applying, the Iw o 
paiallelopipedul halves of the 1 eof u (A) flat and fixing, ihom 
^ a distance of 3 5 milhms apait, then placing a Iniuma of 
niica 01 thin glass above tuo of the uppei ind opposite 
of the two halves of the kccpei and so adjusting the micioacopc 
that the nmioi leflectcd the Iqlit to the object thiough the 
space between the siu faces of the poles 

51 In whatevei mannei the obseivation was made, indiflti 
ently whethei the blood of the fiog oi of any otlici aiuinal was 
placed upon the gl iss oi plate of mica, or whcthei it w as used 
in its puie state or mixed AVitli watei a lepulsion of the whole, 
mass of the liquid was always obseived as also a distinct icpul 
Sion of the coi puscles of the blood themselves Hence the hittci, 
m which chemical analysis has piovcd the non picscnt to be 
contained appeal moie powci fully diamagnetic than the scaun 
in which they aie oiigmally suspended, and also moic so than 
the watei in which they weie placed 

62 Milk, With its minute fatty globules, exhibited the same 
leaction undei the micioscopt as the blood 

6S Foi the puiposc of aacei taming by a duect experiment 
whethei very minute coipuscles contained in a liquid leally ac 
quue inclepenclcnt movements b’^ the action of a magnet, I placed 
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some globules of staich from a recently-cut potato^ in a hitlo 
^vatei on mica upon one of tlic angles ol the paiallelopipcdal 
halves of the keeper; simultaneously ivith the water, they wcie 
repelled and diivcn outwnids between the angles of the poles* 
But when placed in a dilute solution of the piotosulphatc of non, 
instead of water, they were at fiist foicibly attracted louards the 
middle of the uppci angles simultaneously with the liquid; but 
when the liquid had acquned a state of icst, they icsumcd their 
indepcnclont motion, and were icpcllcd outwards by the poles. 

I ^ ^ I 

54. The first paiagraph in the preceding memoir had already 
been despatched, befoic I had obtained the slightest lcno^^ ledge 
of Faraday’s last paper upon the diamagnetism of gases. The 
mere communication of the statement that No. 732 of the Journal 
l^Inshtut contained a report of this paper induced me to hasten 
in despatching this first paragraph, which, although it had 
long been completed, had been intentionally Kept back, to await 
the lesult of two experiments, one of which merely consists 
in a icpetition of one of tlic experiments discussed in the pre- 
ceding paragraphs; and the other, which had been designed at 
the very commencement of my expenments upon the diamag- 
netism of gases, was obliged to bo postponed for want of sim- 
Hhine to the tune when J should be able to institute my ex- 
pci imenU. The last experiment certainly now loses tlie interest 
of novelty in consequence of Fniaday’s communication ; liow- 
ever I shall detail it in these supplemental invesiigaiiouB, although 
atill in an impcricct state, because it seives to complete the 
eenca of experiments which I have described lu the earlier 
panigiaphs. 

5^. To begin with the* first of the two eKpciuncutB mentioned 
in the preceding paragraph, it is a matter of daily experience 
that when tlie sun shines upon a hot stove, the ascending air, 
and upon an adjacent wall its shadow, arc vciy distinctly seen. 
This then was a mcuus of rcndcuiig ascending heated air visible, 
and thus of deciding whether heated air is more cUamagnciic 
than cold nir, which, judging horn the experiment upon flame, 
I considovod as probable (14), although I could not form any 
opinion as to tlJb dcmonsiiabihty of the point by experiment. I 
therefore placed a spiral of thin platinum wire, somewhat curved 
toward the top, and with its long axis equatorial beneath tho 
approximated apices of the poles of the clcctro-magnct. When 
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the cuuent of six elements was ti'xn mi tied thiough it, the 
spiral became ^^hlte hot, a heated cuuent of an quietly aacended 
between the apices of the poles undei the case of the toiflion 
balance, and thiew a \sell defined shadow upon a sheet of A^hUc 
pa]>Li which was held behind it Unfoitunatdy the sun com 
pletely disappeared just at the moment when the magnetism n as 
about to be excited by closing the cucuit But as X ainclny haa 
made the coueapondin^ cxpeiiment by sho^ung the cqtxatoual 
deflection of an ascending cuuent of heated an, by theunomctei H 
placed above and at the sides, thcie is no longci any doubt tliat 
even in my ainngement the shadow which duectly ascended 
would have sepnated into two pniabolic bitinchcs 

56 Eveiy one, who Im but once seen the smoko fiom a 
flame of till pen tine oi the vajioui of iodine ascending betweeu 
the apices of the poles, must also be convinced how by 1 ai nda;) s 
beautiful pioce^s, — m which he placed vessels above (oi ben cal li), 
mid on the side of the gaseous cuuent whilst dii colly ascending, 
to lectn e it and subsequently found that those gases, w Inch ait 
moie diamagnetic than the au, did not cntci the iqipoi (oi uudci) 
vessel, but that placed at the side,— wc may obtim gtncinl it 
suits But when the examination of the ^ nuous gases becomes tlio 
question, my seiiea of expeuments, m which I confined my self 
to the action of the maj^nct upon vmblegasQB ^ — the c\pci uncut 
of causing colouiless gases to ascend in colomed gases, and tlms 
rendeiing them visible, was neilhei cauied out by myself noi 
was Its piacticabihty at all tested,— become infeuoi to tlio c 
of Faiaday 

67 Howevei I shall finally again duect attention to the o\pt 
iiment described m the cailiei paiagiaphs, viz that qf thitcUy 
jfi'i QVing the diamagnehsm of iho avi hy tis i c? (faction lu c/ocicUy 
the same mannei as its e^pannon by heat is shown by (m ouh 
nai y an ilm mometc} Although I w as then compelled to i cpoi L 
the failuie of the expeiiment, which was twice pciloimccl in au 
unsatisfactoiy mannei, still I nevei lost sight of it, noi doubled 
foi an instant of its ultimate success I am now able to assci i Ihu t 
it has succeeded most beautifully 

1 applied the tMo halves of the kccpei (C), with thou senu- 
cnculai ends tmued tovaids each othei and fi ed at tho vcjv 
shoit distance of 5 millims npait, upon the poles of tho hoisc- 
shoe electio magnet, and had a vessel made of thin sheet Ijiass. 
which fitted as accinately as possible betneon the tn o keepei s, but 
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Jeaving a small space for its piny. The vessel was 41 milhins. in 
licight and 93 milliins. m length m the cquatoiial dnection,* m 
the axial dll ection, 4 5 millnns ni bic.idth m the imddlc, and 40 
Killhtns. in bicadlh at the two endsj it was everyMheic closed 
'tir-tightj except that a glass lube, 1 millnn, m diameter, wlnoli 
placed hoiizoritally in the equatorial plane, was let into the 
rnicldle of one of the tiio almost squnic walla. Aflei the tem- 
pera tuvo was found to leniain constant at .53° R, the vessel vns 
slightly warmed by the contact of the liandj and then, to con- 
fine the air inside, n drop of alcohol was placed .it the oiificc 
of the tube. On withdrawing the hand, the droji lan into the 
tube and settled near the vessel, Tlie magnetism wms tlien ex- 
cited by closing a ciicuilof twelve Glove’s clcment.s, and at the 
same instant the diop of alcohol was driven 3 nnlhins, nearer to 
the oiifice of the glass tube; and after some time, when it had 
become stationary, the circuit was again opened j it then i ctm ned 
to exactly the original position, tlio latter movement being more 
1 npicl tlian the foi nier, I/uiSy in consequence of the diunittrjneiio te- 
ptcinion, the utr heeame expanded by the electro-magnet, and on ike 
thsajijjcarance of the magnelwn it returned to its o) iginal volume. 

58. The vessel dcscxibed ni the preceding paragraph can bo 
opened nnd closed in the middle of the olhoi lalcial wall, that 
which is opposite to the one in which the gLiss tube is lot m, 
and thus may be filled with any hind of gas. licnee these enu 
be tested as to their diainagnelisin lu tlic same manner ns the air. 

Ibastly, on the same principle, we can dclormiiie the luaiienco 
of 7ieat upon the diamagnetism of gases ; ami w o iiio not only 
able to observe the thainngtielimn of any gases at a given Icm- 
pcrntiue, hut loe can also measure tt. 

59. Since, ncoording to the other methods of determination, 
ai'iy gas which is not enclosed can only he expoiiniciiled upon 
iu the air or some othci gas by fins means, nidciiendenlly of 
aclmctisuremcnts being then out ol llic question, wo can only 
ariive at relative delcrmmtliona. Wo can, in (hat case, only 
suppose that air, with all other gases, is diamagnetic. TJic plno- 
noinena would remain the same in all cxpeiimonta of Ihc kind, 
if the air and all gases,* iiisl cad of being diainiignctie, weio niiig- 
netlc, supposing iliowover lluil those which in reality nie most 
powei’fully diamagnetic were least magnetic. 

60. Tho results obUiiucd in pr. 67 appealed to me remnrkablo 
in many I'espccts, and especially because they directly jirovo 
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the existence of an analogy between heat and the 2^01001 oj 
the magnet both expand avi and gaseom bodies It ha^ been 
shown^ that aiound a maf^nct, even the aii which not cncloMed 
becomes laiefied by it and this laiefaction imi&t ncccssauly 
increase with the appioximation of the poles Hence Mmiotte^a 
law; sU^cily consulted ceases to be couect ns 01 d manly nebmt- 
ted The bsiometei or mnnometex does not indicate the density 
of the an when we take into consideintion the tempcintuu 
only without legaid to its diamagnetic condition 
Bonn 2^nd nntl Slat of Jainmi} 1818 
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AHTlCI.t XVII. 

On a simple Jihthod ofincrecMng the Bmmagncltsm of Oscillating 
Bodies', Diamagnetic Polunltj, 71// Piof. Pl\)okeb. 

[Inom Poggpudoirt’fl innalen loi RTiuoli 1818,] 

1, JFaRADAY^S fundamental cxpciimcnt may even be re* 
pcated v'lth a feeble steel magnet , and it can thus be shown 
that n bar of bismuth, when suspended by means of a silk- 
Moim tlucad between its two poles, is repelled by them, and 
settles in the eqiialoiial position. But the diamagnetic repul- 
sion of bismuth is very slight in comparison with the magnetic 
attraction of non; hence cvciy means of incicasmg the diamag- 
netic force IS desiiahlc, A means of clfecting this is obtained 
by moicly placing close beneath the oscillating bai of bismuth a 
bur of non, ananged equatoiially in the middle of the space be- 
tween the t^^o i)oles of the hoiscshoo iron magnet, and fixing it 
in tins position. It is at once evident that the bar of bismuth 
then tends to assume the cquatoiial position with greater force; 
and it is easy, by the oscillating method, to determine the pro- 
portion m which the diamagnetic diicctive foico has become 
incionscd by the application of the iron bar. 

2. Among other experiments I made the following t—I placed 
llic two halves of the keeper C (sec par. 2 of the picecdmg me- 
moii ) in such a mannei upon the huge clectio-nuignct, with their 
grooves downwards, iliat their rectungulai teimmal sin faces 
wcie turned towards eaeh otlier and formed the sui faces of the 
poles. They weie <10 milhms. in height, G9 millims. broad in 
the equatonul diiectioii, and v ere kept at a constant distance of 
1G*5 milUms, by placing between them two pieces of brass, each 
of which wm (J milluns. in thiclvncss, and m the middle enclosed 
an iron bar 4*5 milhms. in thickness and as long as the breadth 
of the surfaces of tho poles. A small cylinder of bismuth, 2 
milliins tliick aRd 25 millims. long, when suspended by a silk- 
M oim thread so as to oscillate bcfwcon tho surfaces of the poles 
at n level somewhat bclou that of their upper angles and close 
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above the enclosed non bai on exciting the magnetism by foui 
feebly chaiged Giove s cells^ 'issumcd a vciy decided cquatoiial 
position^ and when moved fiom the equatoiifll position made 90 
oscillations dunng the space of half a minute Altu opening 
the ciicuitj the pieces of biass and the non hai wcic loinovccl 
viithout distuibiiig the tvso halves of the kccpci Ihc bai of 
bismuth then also assumed a decided cqiiatoiial position^ ma! mg 
howe\ei only 36 oscillations duiing the space ol half a miniUL 
Hence the dnective ioice of the bni of bismuth had inu cased 
by the addition of the equatoiial bai of non in tlic piopoition of 
36^ to 90% 01 of 

1 to 6 25 > 

thus moie than sixfold 

3 When a haidencd bai of steel a little ihickci was used 
instead of the bai of soft non, the coiicspondmg numbois of the 
oscillations wcie 78 and 31 Hence the ducciivc foicc had bo 
come inci eased by the steel bai in the piopoition of 

1 to 6 2G 

4 I shall limit myself heie to the communication of a single 
obseivation^ and mciely add a few woids upon what gave use 
to it 

Faraday’s explanation of diamagnetic phanoniona is so evi 
dent, that it would have occiuicd to cvciy philosoplici In my 
lectuies last summci I expiessed it m the following woicls — 

In bismuth evciy noith pole of a magnet induces a noiLh pole, 
each south pole a south pole Diamagnetic polanty is a ncces 
sary consequence of this evplanation I then ii led m vam lo 
detect this polanty Among othci things, I cause d a small bin 
of bismuth to oscillate between the ends of the poles ol the 
hndeis, inseitmg however m the two peifoufted appendages of 
the poles, instead of the cylmdei of non pomlcd in fiont, a 
sirailai one made of bismuth, but on supeilicial examination 1 
did not obseue that any change was pioduced by the cyhnclci 
of bismuth 1 he lesults obtained by Reich and Wcboi indm i cl 
me again to take up my foimcr expeiimcnts, and this was the 
oiigm of the obsei vation desciibed above It n])pQnia to coiftn in 
(at least it was matituied with a view to this point) what ilic c \ 
peiiments of Poggendoiffhave aheady diiectly pioved, vi/ that 
a bai of bismuth m the equatorial position is a icnl tiaus\cisal 
magnet, which tin ns the line of its noith pole to the noith 
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pole and the line of its south pole to the south pole of the 
When this wns communicated to me in a fuondly 
manner, I immediately repeated the e\peiimcnt with n single 
pole of the magnet only, and showed the polaiify of the bar of 
bismuth alluded to in PoggendoitF’s Atmalen foi Maich, p. 475 , 
tind this not only on the side turned towaids the cvciting polo, but 
also on that turned fiom it, by the atti action and repulsion in 
the oi’dinaiy manner. Except that I pimcipally used for this 
pui pose n soft non bar, and lliat pole ot the magnet which acted 
dinmagnetically upon the bismuth j I also gave it, accouling to 
the position in whieh it was kept, the poKuity required m eac]i 
instance^ 

5. Although the above experiments show indisputably that 
diamagnetism consists m a polar excitation, still thoic arc gioat 
difficiiltica to be overcome before this ihcoiy can be considered 
ns generally established. These long appeared to me so great, 
that I completely laid them aside, and did not ngniu resume 
them until the polarity had been so decidedly proved, In fact, 
I think^ after a superficial mathematical considoiaiion, that 
the repulsion of the optic axCxS ol crystals hy tlic magnet, whicli 
I was the first to observe, and the preponderance of tins icpuU 
siori;, when the poles arc a gieat distance apait, over the mag- 
netic or diamagnetic action upon their substance, might be very 
easily explained by a sup])lemcntal assumption i but the facts 
clcscubed m my seeond memoir appear to me inexplicable oven 
nt the present time. When a piece of wood-eharconl (merely m 
conscqxiencc of its form, and as the longitudinal diicction may 
be taken as cither in or against the dueclion of the fibres, 
quite independently of its structuio) in dose pioxiimly to the 
poles aasuines an equalonal position and at n gieat disianeo an 
axial position, this is expressed ni the language of theory as 
follows : — The poles of the magni't excite in the charcoal Am- 
pciiG^s molecular currents, which, when the [lolcs arc approxi- 
matedj peihaps run from cast to west^ when the poles are sepa- 
rated, run fiom west to cast, 

6. According to the experiment last detailed, it cannot be 
doubted that as the dtsiance of iho two 2 )olcs apart is %ncreasod 
the molecular ciftucnts ui the charcoal (at least the resulting 
ones) reverse tlmr diievtion^ because they first produce diamag- 
netism nnd then magnetism: wc arc therefore compelled to 
admit that the same pole of the magnet, accoiding to tlie dift 
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ferent distance excites^ diamif^netic oi magnetic molcGulni cui- 
lents in the same mass oi^ what I considei moie pioLablc that 
m phaenomena of this kind magnetic and diam ignetic substance h 
ai e alwaj s mi\cd> in w hich t \e diffei ent molcculai cm i cuts siiniil 
taneously exists and that then^ as the distance between the poles 
inci eases the diamagnetic cuiienis diminish in intensity moic 
lapidly than the magnetic The following question ajipcais mi 
poitant as legaida theoiy — Dot 9 ihe (hfeienl ebstarice of the 
poles of the eleeb o maffnel come unde) consida ation di> ccihj 
sucliy 0? xndviuthj only %nasmuch as a diminution qj the Joice 
coiyesponds to a yieatei di^tance'^ In the fust 0/ these iioa 
alternatives^ I should unconditionally lay aside the lliooiy , ioi 
if magnetic and diamagnetic cuiients tvhen ihe magnetic font 
ike same dimmish with the distance aciouhng to a diff'c? ent Jaw^ 
I could not possibly iQ^aid the two as tdenbeal in then imlinc 
I can howevei fai nioie easily imaguie, iliat when t\^ o foicea 
pioduce opposite lotations these lotations^ when a diffcicnt ic- 
sistance is to be ovcicome aic not piopoitional at the same 
distance to the foices which pioduce them If^ c g ^ by way ul 
compaiison, we take two wheels^ which two foiccs iV and 
stiive to lotate m opposite dnections and picinisc thiiL tin k 
sistance to the fiist ducclion of lotation is much gicatci than 
that to the second, the lotation of the fiist wheel mav then hi 
slowei than that oi the second, although the fmcc B is toil 
sideiubly less than the foice A, winch howeiei ocasos to be the 
ease when, on the mci ease of the foi ces, the iotnl 1 csistan ( e to the 
magnitude of the iorce A ceases to be appicciabk In this point 
of view the foice A would coiicspond to the diimagneLic, and 
the foice B to the ma^^nctic foices 

7 Toi the puipose of dctci mining nhich of these t\Ao allci 
natives oceuis m natuie, I made the ioHoning decisive. o\|ku 
ment — ^ 


I took a small piece of box wood chnicoal, Minch M hen at a 
considei able distance fiom the poles of the elcctio magnet acted 
magnetically whilst at a less distance it mss diamagnetic I 
excited the cun ent by means of a single Glover’s cell and plw cd 
the poles at such a distance fiom each othei that the pieces o( 
charcoal assumed a decidedly axnl position I next used two 

BORp/ ^ ‘l»ection «9 its Q«n —1 ooatN 
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elements} it was then difficult to rletcrmino vhether it acted 
^Eignetically or dianingnctically. With three elements howevei 
it assumed a decidedly cquatoiial position, and the diamagnetic 
force -which brought it decidedly into this position continued to 
inciease on using a laigei numbci of elements, I uent on with 
this experiment until I had used si\ elements. 

A second expeiiment with another piece of chaicoal gave the 
same result, except that with three elements it m as still very 
slightly magnetic, but with four elements it acted decidedly 
diamngnetically. 

Hence, the distance » emainhiff the same, augmentation of the 
force of the polos of the magnet conceits the magnetism ofxoood- 
charcoal into diamagnetism. 

I'hia result, which I had not bcfoie anticipated, but which was 
to be expected m a purely theoretical point of view, appears to 
me to foim a icmarkablo eonfiimation of the Ihcoiy of diamag- 
netism adopted by Faraday, Kcich, Weber and PoggcndoilT, in 
which I now enthely coincide. 

Bonn, Pebiiimy 21, 1818 
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Abiiole XVIII 

JJa,penmenial and Tkeotehcal Reseat dies an the Rigutes of 
Lqmlih lum of a Liquid Mass ivithdi awn fi om the Action of 
Chaviiij By J Pr a rrvu, Piofessoi at the Umvatsity of 
Ghent) Member of the Royal Academy of Belymm) 

JS>eoond SEBirs"** 


Pi efaee 


At the penod when attacked by tlie disease which has euliicly 
deijiived me of sight I Ind tciminalcd the gioatoi pnit of the 
cxpoiiments lehting to this sciicsj ns well as the following 
M Dupiez, coiiespondcnt of the Buisscls Academy, nnd 
M Doniiy had the 1 indiicss to undcitalc those which won 
still wanting I constantly diicctcd then cvctution , ncnily ull 
weie made in my piescnce, and I followed all the dclails I 
Imc theiefoie consideied mj self justified, in oidci to simplify 
the desciiption in expiessmg myself in the com sc of this m- 
vestigntion as if I had made the cvpciiments 

With lespect to the theoielicnl poitions, I am indeblctl fo 
the able assistance of one Of my colleagues, M Lamnilc, who 
has most kindly devoted many long houis to listening to the. 
details of my investigations, and to aiding me in the explanation 
of seveial difficult points I am also indebted to anothei of my 

colleagues, M Manderliei, for the execution of a pait of Iho 
calculations 

May I be peimitted to express in this place my giatitudo to 


Th 


of at »<■>.«' 

title of Memoir on the I limnomchn nf » r “ i Meraohs) uiulci tim 
the A t on of Guvity Fast 1 ai t conafihiioi'ti « withdi nxvii it om 
A diffrant title haf been adooted these losoaialio* 

was not applicable to the entire work ‘ ptooodliig 
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these devoted fnends? Thanks to their generous help, science 
IS still an open field for me : notwithstanding the infirmity with 
which I am afflicted, I am able to put in oidei the matoiuils I 
have collected, and even to undeitake fiesh rcseaichcs, 


Preliminary Considerations and Theorcitcal Pn7iciple8. General 
Condition to be satisfied by the free Smface if a Liquid Mass 
witlid) awn f om the Action of Giavity, and tn a state of 
equihb) turn* Liquid f> 2 ^he} e* 

1, The process described in the picvious memoir enabled 
us to destroy the action of giavity upon a liquid mass of con- 
siderable volume, leaving the mass completely at liberty to 
assume the figure assigned to it by the other foi ccs to whicli 
It is subject This piocoss consists essentially m introducing 
a mass of oil into a mixture of watci and alcohol, the density of 
which IS exactly equal to that of the oil emplojed. The mass 
then lemains suspended in the sunoinuhng liquid, and behaves 
as if withdrawn from gravity. By this means ivc have sludiod 
a series of phamomona o( configiuation, dependent either simply 
upon the projicr molecular atii action of the mass, or upon the 
combirmtion of tins foice with the centiifugnl foicc. Wo hlmll 
now abandon the latter force, and intioduee unollicr of a dif- 
ferent kind, the molecular atti action oxeitocl bcUecn liqiiula and 
solids? in other words, \\c shall cause the liquid mass to adhere 
to solid systems, and study the vaiious founs assumed under 
these circumstances by those portions of the siufuce which re- 
main fiee In tins way wc shall have the cuiious spectacle 
piescntcd by the figures of equilibrium appertaining to a liquid 
mass, absolutely devoid of gravity and adlieicnt to a given solid 
system^ 

But the figuiGi^ which wo shall obtain picsent another kind of 
interest, Ihc fiec pmtions of Iheir surface belong, as wo shall 
show, to more extended figures, \ihich may be conceived by the 
imagination, and which, in the same condition of total absence ' 
yoL. V, paht xx. 2 n 
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of giavity^ belong to a peifectly fiee liqiiul mass, 

our piocesses wiW paitnlly realize the figuies of tqiuhbuum of a 
mass of this kind I he lattei aie fai fiom being confined to tlio 
spheic but among them the spheie alone is cajiable of bemg 
completely loimecl, the otheis picscnting eitha infinite dimcii 
Bions m ceitain diiections, oi othei pcculmiities which mo shall 
point out and which equally icndci then lealizatiou in the com 
plete state impossible 

Moieovei the lesiiUs at mIiicU \vc shall aimc will consliluto 
so many new and unexpected confiimations of the thcoiy of the 
piessuies exeitcd by liquids upon themselves in vn hio of Iho 
mutual attiQction of then molecules, a tlieoiy, upon whuh tho 
explanation of the phnenomena ol capillaiity is based 

Lastly, in oui liquid hguies we shall discovci lemaikable pio 
peities, which will lead us to some impoitant applications 

2 In oidei to guide us in oui cxpeiimcnts, and nho to enable 
us to compiehend then beaiing, we shall fiist considci the 
question in a puiely thcoietic point of view Ihe notion of 
giavity being eliminated and the liquid mass being at icst, the 
only foices upon which the figuic of equihbiium will depend 
will be the moleculai atti action of the liquid foi it ell, and that 
excited between the liquid and the solid system to winch wc 
cause it to adheie The action of the lattci foice ceases at au 
excessively minute distance from the solid, hence m legaid to 
any point of the suilace of the liquid situated at a sensible distance 
from the solid, we have only to considex the fiist of the two 
aho\e foices, z e the moleculai atti action ol the liquid foi itscK 

The general effect of the adhesive foice cxeitcd bclMcen the 
liquid and the solid, is to oblige the suifacc of the foi mci to pass 
ceUain lines, for instance, if a liquid mass of suitable volume 
be caused to adhere to an elliptic plate, the siuface of the mnsjs 
will pass the elliptic outline of tho plate At every point of 
this surface, situated at v sensible distance fiom thi^ mat- 
gin, the molecular attiaction of the liquid foi itself alone is \n 
action 

Let us now examine into the fundamental condition which all 
points of the free surface of the mass must satisfy, m value of 
the latter foice 

The determination of this condition and its analytical ex- 
pression, are comprised m the beautiful theoiies upon which the 
explanation of the phenomena of cnpjllauty aie based, although 
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geometncianvs have not specially studied the piobkm oi the 
figine of a liquid mass void of giuvity adheienl to a given solid 
system Wc shall thciefoie non icaumc the punciples and the 
lesults of the theoiies in question^ at least those nhieh lelate 
duectlv to om subject 

3 Within the mteiioi of a liquid mass, at any notable 
distance Aom its suifice, caoh mohoiilc is equally atti letcd in 
eveiy diiection , but this is not the cast at oi ^eiy neai the sin- 
face In fact, let us considci a molecule situated at a distance 
fioin the siufacG less than the ladiiis of the spheic of sensible 
activity of the moleculai atti action, and let us imagine this inolo- 
cule to be the ecntie of a small spheic having this same ladms 
It IS evident that one poition of this spheic being outside the 
liquid, the ccntial molecule is no loiigci equally atti acted ui 
cveiy dncction, and that i piepondeintmg atti action is duoelcd 
towaids the inteuoi of the mass If ^ve non imagine a iccti- 
linear canal, the diumetci of ulneh is vciy minute, to exist ui 
the liquid, commencing at some point of the suifacc in u daec- 
tion petpeiuhculai to the luUci, and extending to a depth equal 
to the above ladms of activity, the molecules contained in 
this minute canal, m aecoi dance \uth what wc ha\c slated, will 
be attincted tov^auls the inteiioi of the mass, and the sum oi 
all these actions will constitute a piessuic m the same ducc- 
tion Now the intcnBily of this picssuie depends upon the 
cuivcs of the siuface at that jioint at which the minute cinal 
commences In fact, let us fiist suppose the suifacc to bo con- 
cave, and let us pass a tangent plane tlnougli the point in 
question All the molecules situated externally (o this plane, 
and which aio suAieiciiUy ncai the minute canal foi the lattci 
to penetrate within then spheic of activity, will evidently atti act 
the lino of molecules which it contains fioin the mteuoi tow aids 
the oxtcuoi of the mass II thoiefoie wo suppicsscd that poition 
of the liquid situated oxtcinally to the plane, the picssmc excited 
by the lino would be augmentod Ilenco it follows that the 
pieasmc couespondmg to a concave suilace is less than that 
whioh coiicspoiids to a piano am face, and we may conceive that 
it will bo leas in piopoition as tho concavity is moie maikadi 
If the 8Uifac(^ IS convex, the picssuie is, on the contiaiy, 
gieatei than when the suifacc is plane To icndei this evident, 
let us again diaw a tangent plane at that point at which tho 
hue of molecules commences, and let us imagine 
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that the space included between the convex suiface and tlu» 
plane is filled with liquid Let us then considci a molecule, lUj 
of this spice sufficiently neai, and horn thin point let fall a pci- 
pendiculu upon the minute canil Ihe action of the molcculo 
m upon the poition of the line compiised between the base ot 
the pel pendiculai and the sui face, w ill atti act this poi tion low ai da 
the inteiior of the mas If afteiwaids we tilce a poilion of the 
line equal to the foimei fiom the othci side of the pci pen 
diculai and commencing at the base of the lattei the action of 
the molecule m upon this second poition will be equal and op 
posite to that which it excited upon the fiist, so that these two 
poitions conjointly would ncithei be attiacted towaids the in 
teiioi noi the extcuoi of the mass, if bejond these two same 
poitions inothei psit of the line is compiised witlmi I ho 
spheie of activity of m this pait will evidently be alt i acted 
towaids the cxteiioi The dcfimtnc action of m upon the 
line will then be in the kitci dnection Ilenco it follow e 
that all the molecules of the space compusccl between tho sm 
face and the tangent plane which lie sufficiently tieai the lino 
to exert an effective action upon it, will attiaci it towaids Ihr 
extciioi of the mass If then we suppieas this poition of tho 
liquid so as to icpiocliice the convex siuface the icsull will 
be an augmentation of the piessiue on the pail of the line 
Ihna the piessuie coiiesponding to a convex suifnce is gicatei 
than that coiiesponding to a plane suifaoe, and its amount 
Will evidently be gieatci in piopoition as the convexity is nioio 
maiked 


4 If the suuace has a spheiical cmvatuic it may be demon 
strated that, representing the piessuie coiiesponding to a piano 
8ui ace by P, the ladms of the sphei e to w Inch the siu face bclo 
by 7, and by A a constant, the piessuic excited by a line of mole 
cules and leduced to unity of the suiface, w ill have the follow mg 
value A ^ 

^ P+r (1 ) 


r being positive in the ense of a convex, and negative m that of 
a concave surface 


Whatevei be the foim of the suiface, let us itnngino two 
spheies, the ladu of uhioli aie those of gicatest and least emva- 
tuie at the point undei consideiation It is evident that the 
pressure exeited by the line mil be intei mediate between 
(hose correspondmgto these tuo spheres, and calculation show* 
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that it IS exactly then mean Denoting the two ladii in question 
by R and the piessuie exeitcd by the line, lefuied to the 
unity of suifice, would be 

iy) 

The indii R and W aie positive when they belong to convex 
cuivea, 01, in othci teims, when they aic dnccted to the intenor 
of the mass, whilst they aie negntuc when they belong to con 
cave Guives, t e when they me diuclcd towaids the cxtciioi 
5 Piom the picccding details we can now easily deduce the 
condition of cqiiilibuum loluUvc to the fiec saifuc ot the mass 
Ihe piessuics excited by the lints of molecules winch com 
mence at the diflbicnt points of the smlace nic ti insmitlcd to the 
whole mass, consequently, foi the evislcnct of cquihbnum in the 
lattei, all the piessiucs must be equal to each othei In fact, 
let us imagine a mmutc canal lunning pcipendicuhily fiom 
some point ot the siulacc, and subsequently becoming lecuivcd 
so as to tci minate )icipcndiculaily at a second poml of tins same 
suifioe, it IS evident that cquihbiium can only exist in this 
minute canal when the piessuies oxeiled by the lines whicli 
occupy its two cxtiemiLies me equal , and if this (quality o\ 
ists, cqiuhbuum will nceessaiily exist also Now the picssmes 
excited by the (hflticnt lines dipind upon the cuives of the 
suiface *it the point at which they commence , these emves must 
theiefoio be such, at the vuuous points of the fice suiface of tlie 
mass, as to dcteinuno eveijwhcic the same picssinc 

Sucli 18 the condition which it was oui object to uuve at, and 
to which in each case the ftee suiface of the mass must be 
subject 

The analj tical cxpiossion of this condition is diicctly deducible 
fiom the gencial value of the piessmc given in the piccedmg 
paiagiapli, weonlyicquue to equali/e tins value to a constant, 
and as the qinntitics P and A aie themselves constant, it is in 
fact sufTicient to rn ike 

u ’ ^ 

the quantity C being constant foi the same flgmc of cquilibuum 
This oquatioif IS the same as those which aic given by gcome- 
tucians foi capilhuy sui faces, when, m the lattci equations, the 
quantity lepiesenting giavity is supposed to be 0 

R and R' may be leplaoed by thou analytical values; wo aie 
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thus led to a complicated difteiential equation, which only ap 
peais susceptible of mtegiation ni paiticular cases Yet tho 
equation (3 ) will be useful to us m the above simple foim Now 
we know that the noimal plane sections which couespond to 
the greatest and the least cuivatuie at the same point of any 
suiface form a light angle with each otliei Gcomctiicians 
have shown, moieovei, that if any two othei lectangulu planes 
he made to pass tlnough the same noimal, the ladu of cuivatuie, 
p andp' coiiesponding to the two sections thus detcimined, will 

be such that the quantity will be equal to the quantity 

1 1 

Hence the fiist of these two quantities may be subati 

tilted foi the second and consequently, the equation of equili 
buum, in its most geneial expiession, will bo 

(i) 

in which equation p and p' denote the ladu ot ciuvatuie ol any 
two lectingulai sections passing tlnough the same noimnl 
6 These geometiic piopcitics lead to anothci signification ot 
the equation (i ) We 1 now tint unity divided by the indius 
of cuivatuie coiicspondmg to any point ot a cm vo is the mcas-tue 

1 1 

of the cuivatuie at this point Ihc quantity ~H icpresonta 

then the sum of the cunatuies of two noimal lectangulni soc 
tions at the point of the suiface unclei considciation Ihis being 
admitted, if we imagine that the system of the two planes occu- 
pies successively diffeient positions m tuining aiound the same 

noimal, a sum of cuivatuies - + i 4+4(7 4+— i &c ivill 

p p* p'^ p''' p' 

couespond to each of these positions, and, accoidmg to the 
piopeity noticed in the pieceding paingraph, nil these surnTS 
will have the same value Consequently, if we add them toge 
ther and let n denote the niimbei of positions of the system 
of the two planes the total sum will be equal to n times tlio 

value of one of thepnitial sums, oi to n Now tins 

‘ mnumbei 

2«, coiiesponding to all the sections detoi mined by tho two 
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planes If then we divide the above equivalent quantity by 2 ?ij 

the lesult will icpiesent the mean of all these curva 

tmes Now as this icsult is independent of the value of oi 
of the numbei of positions occupied by the system of the two 
pianos, it will be equally liue il ue suppose this numbei to be 
infinitely gicnt, oi^ in othci woids, if the successuc positions of 
the system of the tuo planes aic infinitely appi oximatub and 
consequently if this sanit system turns aiouncl the noimal m 
such a mannei as to detcimme all the cinvatuics which belong 
to the sin face aioimd the point m question The quantity 

*7^ lepicsent^ then the mean of all the ciuvatiucs of 

the suifaco at the same point, oi the mean cui valine at this 
point Now if, in passing horn one point of the suifacc to 

anothci, the quantity iciains the same value, t e if foi 

1 1 

the uhole sin face ue have -+ 7=0, this suiface is such that 

F P 

its mean uuvaliuc is const int 

ConsideiGcl lu this pincly mathematic il point of view, the 
equation ( 1 ) has foimcd the object of the icseuichcs of scvcial 
geometucians, and mc shall piofil by these leseaichcs m the 
subsequent jiaits ot this mcnioii 
Thus oiu liquid siu faces should satisfy this condition, that the 
mean ciuve must lie the same cvciywhcic Wc can undcistnnd 
that il this occins, the mean effut ol the cuivaliucs at each 
point upon the picssmd coiiesponding to this point also umaing 
the same, and that this gives use to cquiUbimm Ilcucc wo 
now SCO moic cleaily the nutuu of ilie siutaccs mc shall liuvc to 
considci, and why they consulate siu laces of Kiuihbuum 
fit We must now call attention to an immediate coiiacqucnco 
of the iheoiotical punciplcs uhich have led us to the gcncinl 
condition of cquihbuum Accoiding io those punGqilcs, each 
of the hues of molecules exciting upon Uu mass the picssuios 
upon whiclutsloim cl( pends, commences al the suifacc and tci 
mmates at a depLii equal lo iho uidius of the sensible activity of 
the molcculai fttti action, so that those hues collectively eon- 
stituto a supcifieial layci the thickness of which is equal to the 
ladius itself, and wo know that Ihis is of (\lxemo minuteness 
It lesulls fiom this that the loimative foices excited by the 
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liquid upon itself emanite solely fiom an excessively tliiii supci 
ficml layei We shall denominate tins consequence the pi m 
ciple qf the supeificial layei 

7 A sphencal surface e\ identic satisfies the condition of equi 
hbiium^ because all the curvatuies m it lie the same at each 
point also Mhen oui mass is peifectly fiee, i e when it is not 
adheient to any solid l^hlch obliges its suiface to assume some 
othei cuive, it in fact takes the foim of the spheic^ as shown m 
the preceding memoii 

S Befoic pioceeding fiiithei we ou^^ht to elucidate one iioinfc 
of gieat impoitance in le^^aid to the cxpcimicntal pait of oui 
ln^ estigations The liquid mass in om cxpciiments bein^^, im 
tneised in anothei liquid, the question maybe asked w IilUri 
the moleculai actions excited by the httci excit no influence 
upon the figiue pioduced oi in othci woids, whcthci the 
of equihbiium of a liquid mass adhcicnt to a solid system, and 
iMthchawn fiom the action ol j^iivity by its imnieision in niiolh< i 
liquid of the same density as itself, is exactly the same as if the 
mass adheient to the solid system wcic icnlly dcpiucd of 
giautj and weie placed mvaitto Nou wc shall show tlmt this 
really is the case The moleculai actions lesulliUj^ fiom the 
piesence of the suiioundin^ liquid nic of two 1 inds, vi/ those 
lesulting fiom the attiaction of this liquid fol itself ami those 
iqsulting fiom the mutual atb action ol the two liquids I ct iia 
fiisfc considei the foimei imagining foi an instant that the othci s 
do not exist The suuounding liquid being applied to the fico 
suiface of the immeisedmass thefoimei picsents inintagho the 
same figure as the httei mass piescnts in iclicf Tliose molecules 
of this s^me liquid which aic neai the common sui face of the tw o 
media iqust then exert pieSsuies of the same natinc as those 
which we have consideied thioughout the picceding details, 
tow aids the mteiior of the liquid to which they belong, aucl 
these piessuies must consequently also impait a figiuc of eqiu 
hbimm to the suiface zn intaglio so that if the immciscd nms^ 
ot Itself had no tendency tp assume any one figuic inthei than 
anothei, the sunounding liquid would give it a dcteiminate one, 
y compe mg it to mould itself m the above hollow figiu o 
This IS why -i bubble of an m a liquid assumes IIto ftlobulni foi in, 
solely m consequence of the piessuies excited by the liquid upon 

immeisedmass has assumed 
figure which It would ncqiiiic tn vacuo if rcallj dcpiiyed of 
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gravity, the analytical condition of paiagiaph 5 would then be 
satisfied as icgaids this mass Now at each point of the common 
suiKce of the two media, the i idii of cuivatme p and ha\c the 
same absolute values, both m the case of the immeised mass 
and of the hollow figiue of the smioutulmg liquid, except tint 
then signs ntc contiaiy, riccmding as they aie consideiccl as ic- 
femng to one oi the othu of the two liquids To pass fiom one 
of the two figuics to the olhti, we need thcicfoic only change 
the signs p and oi, what comes 1o the snne thing, clungc 
the sign of the constant C Changing tlic sign docs notdcstioy 
the condition of eqiuhbmim , and consequently^ if the immciscd 
mass 18 in equilibiiuin as icgaids its own molcculai attinctions, 
the same will hold good in the cisc ot the hollow hgiuc of the 
siuiounding liquid The picssuics of the lattci liquid cannot 
theiefoie bj thcmselvos pi odnee any modification in the figiue 
of equdibimm of the immoiucd mass 
Let us now iiitioducc the second kind of molcculai actions, 
t e the mutual iltiaction of the two liquids, and sec what will 
be Its oficcts Let us imagmt, foi an instant, tint the mimcised 
mass, 01 , foi the sake of fmng the ideis, the mass of oil in oiu 
expel imcnts is leplaccd by the same kind of liquid as that winch 
smioiiiids it, J e by the alcoholi( mixtuie In othu wolds, 
supposing the vessel to contain only the ilcoholic mixtuie and the 
solid sysUm, let us limit, in the imagination, a poition withm 
the liquid, of the same figuic and dunuisions, and situated m the 
same mannci ns tin picccding mass of oil It is then elcai that 
the molecules of tlic mass ncai its suifucc bung, like those of 
the mteiioi, tomplctcly siinoundcd by the same kind of liquid 
beyond then sphcie of activity, these molecules will no longci 
excit any picssuie upon the mass, consiqucnth tb< picssuics 
which would exist d this mass could be isohted, must be con- 
sidoied as destiojccl by tlu atti actions emanating bom the siu- 
lounding liquid ^Hie lattci foices aie thciefoie all equal and 
opposite to the picssuies m qiicsUon Now' as these aie all 
equal to each otliu in meoulanco with the (iguic whuh wc have 
attubuled to the imngmnij suifacc of the mass, tlio attiaclions 
emanating fiom the sunotinding liquid will also all bo equal to 
each othci If \to now lepluce the mass of oil, the attiacUons 
emanating fiom the siinounding liquid may ceitamly altci in 
absolute value, but it is evident that they will ictain then direc 
tions, and that they will icmain equal to each othei , we theic 
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fore see that they will only dimmiBh^ by the same quantity^, nil 
the pressures exeUed by the mass ol oil upon itself consc-^ 
quentl}, as all the diflfeiences lemam equal to each othci;, the 
condition of equilibiium uill still be satisfied as legauls tlmt 
mass It IS evident that the same mode ot icasoning may liO 
applied to the piessuies excited by the suiioumling liquid upon 
itself piessuies uhich will letain then diiections^ all of w limit 
will only be diminished to the same extent by the ntti actum s 
emanating fiom the oil so tint the condition of cquihbiumi \mU 
still be satisfied as legaids the hollow figuie of the suiiouncUng 
liquid Thus the whole of the moleculai actions due to the pi es- 
sence of the siuiounding liquid will not tend in any w ay U> 
modify the figme of equihbuum of the immeised mass, wlucU 
figuie udl consequently be idcnticallj the same as if that ina*^£i 
were leally void of giavity and woie placed %)i vacuo Wc cun 
theiefoie leave the sunounding liquid completely out of the 
question its, ^olc function being to neutiahze the action of gi aviiy 
upon the mass foiming the object of the expeiimcnts 

9 We shall now pass to the expcnmental pait And PubIj tt> 
avoid useless lepetition^ \\c shall say a fcwuoids iclaiivc to 
the appaistus to be used As the liquid always consisls of n 
mass of oil immeised in an alcoholic nuxtuic of the saitic density 
as itself om solid systems will all consist of uon^ and tins ftn 
the following leasons In oidmmy cncumstanccs oil coniiactu^ 

I believe, peifect adhesion \Mth all solids, but tins m not 
exactly the case when the same oil is plunt,ed into a mixUne of 
watei and alcohol, foi then, in the case of ccilain solids, ivb 
€ glass, the phenomena of adhesion sometimes undcigo 
modifications which give use to tiouble in th< expeuments Wo 
shall meet with an instance of this m the subsequent pmte of 
this memou Now the metals do not picsent tins niconvcnicuco i 
moieovei, the foim which we have given to most of om solid 
systems would lendei then constiuction of any othci substance 
besides a metal difficult Now among metals wc piefei notij 
not copper because od lemoves nothing fiom non, whihl by 
piolonged contact With coppei it slightly attacks it, acqmica n 
green coloiii, and inci eases in density, winch is a gieat incon-*- 

xrAYi'ionniaH' ^ 
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"When we wish to use one of these solid systems of iion, be- 
fore introducing it mto the vessel, it must be completely moist- 
ened with oil, end for tins pm pose it la not sufficient simply to 
immerse it m this liquid, but if must be cniefully nibbed with 
the fijisyei . The presence of this coating facilitates the adherence 
of tlie liquid mass. 

"VVe shall continue to make use of the vessel with plane walls, 
desciibed in the picccding memoir, ^ SH*, a common-shaped 
bottle, and the flask pievioiisly mentioned (§ 5 and 8) m the 
same memoir, are not well adapted, because they do not exhibit 
the true figuic of the mass, 

T'Vhen the solid system is composed of a single jnece, it la 
supported by a vertical non wiic, winch is scicwed to the lower 
end of the axis tiavcrsing the metallic stojipcr j but for corlain 
experiments the solid system is foimed of two isolated parts, 
and then only one of them is attached to the oxis, as I hove 
stated , the other is suppoilcd by small feet which rest upon the 
bottom of the vessel. It ncocl not be mentioned, that those 
liquids only which aie prepared in such a mannei as to ho inca- 
pable of exci tmg any chemical action upon each other, can be 
employed (§ 6 and 24 of the preceding memoir). 

In addition to the little lumiel for intioduping the mass of oil 
into the vessel, the iron wire which soms fin uniting the iso- 
lated spheres, &c,, of which I liave spoken in the preceding 
memoir, the cxpciimenls icquiie some other accessory instiu- 
ments, as, in the first place, a small glass syringe, the point of 
which 18 elongated and slightly bout. If is used ns a sucking- 

difTcioiico in llio inpoot of tho two liqiinls, lio disiobed iiitcnlKinnllv a littlo 
Dxido oftoinioj III Iho oil, 80 08 lo ii'iidoi tlu'liittci old gicen (oloui Tho 
compound im\ing ilms boon iniulo boloiohaiid, nnd londeiod puifcctly lioino- 
goneous, nnd tlio oholiolii mi\lmo hnviiig boon logidaled iitcmdiiig to tho 
densitj of tliu modified oil, tho iiicwnco of tho oo|)j)(>i in solution could not 
pintliido nny incoiiviiiiciicoj but in this enso «lso tlio solid Byatcnis aliould uii- 
qiiealiounbly bo mndo ol non 

* In mnkiiig tho p\pcimu'uts loliUmg to the piosonl mcmoii, I found Unit 
ft w'HS lejinisito alighily lo niodilj ilio iiiHHuotiia m question, Tho actond pci- 
fotation in the plulo loiimug tho lid of ihe \o 88 ol fcliould bo hut lililo amnllor 
Uiiui tlio oontiftl imtiiuto, it» nook should ho loss olovnttd, imdliiaily, it should 
1)0 plnood noiii tlio odioi , il loll os jncvtously cUwiibcd nud ligiiiod, tho om- 
ployrnDiit ol tho iitoessoiy iiisiiumenlH which wo shtill dcaoiiho would ho im- 
possible. Moioovei„tho nock of llui coiilial niioiiuio should bo fumisliod with 
ft slight urn, 80 thiit it may bo oasily lukeii hold of wlioii wo wish to lemovo 
tbo lul. «s 0 ^ wliou U 18 icquiud lo allach a solid syslcin wliioh is too laigo 
to pnsa tinoiigli (Ilia sanio n|ieitine lo tlio axis wlnoli tiavoiaos tbo stoppci 
Lastly, tho losaol abould bo liiinisliod with a slop-cock at iis lowoi pnitl so 
lliftL ft may bo oaally ompltod. 
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pump, to remove foi instance, apoiUoii ot the oil compoflliig 
the liquid mass, ulien it is leqtuied to dimnnsh the volume of 
the 01 to \Mthdin\v the entne mass ot oil fiom the vt s*icl| 

an opeiation \\hich is sometimes lequiicd &,c In the sc<niui 
pHce, t\io vooden spatulas, one being slightly bent, the other 
stiaight, co\cied with fine linen oi cotton stuff Wluu Uunt 
spatulas are mtioduced into the vessel, and the cloth ith liic It 
they aie fmmsheJ is thoiouglily jmpicgnatcd with the alcohol u 
liquid, the mass of oil docs not adhcie to thorn Ilcnci, Uy 
means of one oi the othei of these spatulas, the muss cun he 
mo\edmthc suuounding liquid, and conducted to tlic plm<f 
which it IS lequiied to oecupy m the intciioi of the vessil with 
out any of it lemaimn^ upon the spatula Ihis is the juiijmiu 
foi which these instiuinents aic intended Attci they lui\t lutn 
used caie must alw lys be tal en to agitate them in jmie nh oliul 
befoic allowing them to diy If this piccaution be omilUtl, On? 
alcoholic mixtuic with which they aic impK^imted, on evapo 
lating would lca\e the small cpmntity of oil which it held ui 
solution upon then suifacc and when the samo uistiuimnH 
aie used again, the ma s of oil would adhcic to it In tlic thud 
place, an non spatula, the uses of which wc shall point out tn 
thepiopei place Lastly, as it is neecssan, in all tlu c\p(ii 
ments which we hall i elate that the alcoliohc liquid hIkhiIiI ht 
homogeneous, the piocess indicated in the jnctctliiig nuuiuir 
2i)) cannot be used to pic\cnt the mass ot oil (lom Ik( oiniii|^ 
occasionally aclhcient to the bottom of the vessel , but the mmu 
result is obtained by covcim^, the bottom with a sqiuuc jnc to 
linen ^ 


New evpei ments m suppoit ofihp iheo7 ehcal jn maples InotnjAi 
/07 wai d m the p? ecedhig obso vations 1 (s o/ c rjuilila mm 
ieimnated by surfaces of spihu ical valui e Nciv n> inuph 
7 elating to laye? s of hqtuds 

10 Ihe facts which we shall fiist dcsciibe may be considciod 

as constituting the eKpeiimentuldemonsUation of ihopimojnk 

ofthe supeif5cm layei (§6 bts) Let us imagine any solid aval' m 
o e iiumeised m the liquid mass and let us gne to tlu# 
masyuch a volume that it may constitute a stflieio uhich com 

the smface at any point Then, if the above pimciple be trim, 
he piesenceof the solid sjstem will exeitno inauente upon the 
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figure of equilibiiiim, becauscj under these circumstances^, the 
superficial layer, fiom M’hich the configuiing actions emanate, 
remains perfectly fiee; whilst if these actions emanated from all 
points of the mass, any iin symmetrical modification occuiiing m 
the internal pnits of the latter uoulcl nccessaiily pioduce one in 
the external form. This is confiimed by cxpciiment The con- 
dition of a solid system completely enveloped by the mass of 
oil would be somewhat diflicult to realize ; but it must be re- 
membeicd, that in the c\])enmeuts relating to the preceding 
memon, the system of tlie disc, by means of which the mass w as 
made to i evolve, was veiy ncaily m tins condition, because it 
did not lencli the external smfacc of the mass excepting at the 
two veiy small spaces ^vlncli gave passage to its axis. But we 
then saw (§ 9 of the pieccdmg mcmoii), that when the mass w^as 
at lest, its sphcucjty was only veiy slightly altcicd by the pic- 
sence of this system. The theoretical condition may be moie 
ncaily appioached by taking a very fine metallic wnc for the 
axis of tins same system; in this case the oltciaiion in foim is 
quite impel cep tiblc. Tlic axis being supposed to be vertical, 
the disc may luoi cover be placed so that its centre comcides ivith 
that of the mass of oil, oi is situated above oi below the lattci 
without producing any difleiencc. I shall lelaLe anothci lad of 
an analogous nutine. In the course of the cxpciimenls, it some- 
* times happens that poitions of the alcoholic liquid become im- 
prisoned in tlic iniciior of the mass of oil, forming so many iso- 
lated spheies Now, howcvci these spheres may he situated in 
the mlenor of the mass, not the least ulteuition is jnodiiced in 
the figiuc of the latter. 

11. Again, let us cause some kind of aolul system to pcnetiafe 
the liquid mass ; but now let the mass he of too small a volume 
to be capable of eoinplelcly enveloping this system. The latter 
will then necessarily i each the supcifieiul hiyei ; and, if the prin- 
ciple in question be tine, the figure of the liquid mass will be 
modified, or, in other words, will cease to lemam spherical. 
This does really occui, as w^c might have expected; the liquid 
mass becomes extended at those poitions of the solid system 
which piojcot externally from its suifaec; it finally eithci oeeu- 
pies the wdiolc oftthese portions, or only a part of tlieir extent, 
according to the form and the dimensions of the solid system, 
and thus assumes a new figure of equilibrium. Wc shall meet 
with examples of this hereafter (§§ 14, 15, 1?). 
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12 Instead of causing the solid system to pencil nie the uitc 
1101 of the liquid mass^ let it simply be placed in contact amUi 
the external suifacc of the Httoi An action being then catn 
Wished at a point of the supeihciul layci^ cquilibimm musi ha 
destioyed, and the figuie of the liquid mass oUt^hl n^mx to bo 
modified This leally occuis the mass becomes extended upon 
the suiface piesented to it, and consequently acquucs a dUlei c nt 
shape This lesult mii^ht also have been mitieipatcd fioin w Imt 
occuis imdei oidinaiy ciic urn stances, uhen a chop of wixiti Is 
placed upon a jneviously moistened solid sin (ace One 

be induced to believe th it, as legaids the ictual lesnll, tins case 
IS lefeiable to that of the pieccdinj^ pauif^iaph oi that ui pain 
graph 10, foi it appeals that the liquid muss bceoinnig extended 
upon the solid sytem so as to obtain the new hgiuo of cqiiik 
biium should ultimately occupy oi envelope tins sjstcin ni 
the same mannei as if the httei had been made to pciietiato 
its inteiioi dnectly Undei ccitnni eiicumstances this must 
occui , but the expenments \Ahich aie about to be lolriUd 
will show that undei oihei cn eumstanccs the icaiili is tot tlly 
diffeient 

13 Let us tike foi the solid system a thin ciuuhu [ihitc^, 
attached by its ceiitie to the non \mic ulneh suppoita it (JM 

fig 1), and let us pioducc the adhesion of its louci suilacc fu ihn 
uppei pait of the mass of oilf Diicctly contact is oomph ttly 
established the oil extends lapicllj o\ci thosmfaec pioseiiUtl to 
it, but, \^hat IS lemail able, although the pictaulion has bti ii 
taken of lubbmg the uhoie of the system 9) that is tlu iwo 
faces of the plate as \iell as its iim, uith oil, the oil Icuniimtca 


* T1 e bameter of that winch I ba\e nsctl ih 1 ccntmiohoR I niciUi n tliU 
oinmetei for tlio sake of b ing Iclhuto It is evukiit lliat in oin c\])ui hiioli U 
the dm nsioiis ol the appaiatus me complotoh aibiU i) except dial U ihtM 
aimensi n exceed ce tain limits the op i aliens will be onio onihiuiasHUir hi 
consequbiiceoftb aige quantities f liquid which would bo leqil nod 
t In rdei that this opeiation may be ofTctcd with Incllitj iho sphoru uf 
oil must mstiernniiun the sui rounding hanidhencalli Ihc ccntinl npoituro hi 
thehd tU plate being then iiitioducol into iho ^osacl wo Imvo incielv to 
lower It by of the a\i tiav ising tlio stoppci to biing iL li)wiu(l*i the 

liquid mas If the latter do s not occupy iho position in question it nmat. li« 
pievi usly placed tiioio bv means of a spatula cnvciod with laicn (§ 9) 
must be remaiked hcie that true contact between tho plate and iho L hero of 
Ti® xmne<\xaio\y a ceitaunobiBtandl has to bo o\ ou aim 
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abruptly at this rim without passing to the other side of the 
plate^ and thus piesents a sudden inlciTuption in the curvatiuc 
of its surface. In the case in question, the new figuic acqunecl 
by the mass is a poition of a spliere. This poition will be 
as much larger in piopoition to the complete sphere as the 
volume of oil is gi cater ; but the cm vatuio will always tciminate 
abruptly at the maigm of the plate (see fig. 2, winch icpiescnts 
a section of the solid system and the adhci ent mass in the case 
of tliiee difteient volumes of the latter). 

The cause of tins singulai mtciiuption of continuity is readily 
undeistood Ttie imi of the plate reaching to the supcificml 
layer, it is natural that something peculiar should occur along 
this maigm, and that the conlinuiiy of form should cease at that 
point wlieic a foreign atti active action is excited vllhout trana- 
ition on the superficial Inyei. 

1 1. Let us again make use of the above plate ; but instead of 
presenting one of its faces to the cxteiior of the sphcie of oil, 
let us insert the plate cdgcuiac into the interior of this sphere 
The liquid V ill necessarily extend over both faces of the solid ; 
and if the diameter of the primitive sphere wcio less than tlmt 
of the jilate, the oil will be seen to foim tuo spherical segments 
upon the two faces in question, the curvatures of udiich will still 
terminate abi aptly at the margin of the plate, These two seg- 
ments maybe eithci equal or unequal, accouluig as the edge 
of the plate has been intioduced into the liquid sphere in such 
a manner that the plane of the plate passes thiough the centre 
of the sphcie or not The upper segment will be slightly de- 
formed by the action of the suspending wiic ^ but ibis elTect will 

♦ '11ns opoifttioii 18 pcifonnctl ns follows Tlio stoppci to winch tho 
syfltem of the pinto la aUtichod is kept nl aomo dmlnncc abovo tlio neck of ibo 
cenlinl npoiUne, in such a mniinei bomnci tlml lino lattoi m imniciacd to a 
siifticient depth m the alcoholic mi\tuio. The plate can then bo niavod ^vllh 
toleiahlc ficedotn, and it is conducted towaids iho Ih|Uu 1 innsa. Ihn this pm- 
pose, tho latter ouglit mcvionslv to occupy a sin table ]jo8ltion. Immediately 
tbo liquid mnsa la cul| ilio plaio la kept hitlf until the action la terminated^ uher 
wliicii the stoppei la caie fully placed in tlio neck. A piooosa tlio luvoiso 
to tho pieccdni^ may also be made use of The liquid niaas la llist made 
to occupy a pobiUon liein tbu Bocoiid apcitme> and a autllciunt distance iiom 
tho axis which pusses thiough tlio eeiitio ot the cmituil apoituic , then, Imving 
fixed tho solid system finnly in iho position which it is to occupy, niovo tho 
liquid mass towiudslb aud when this has boon cut, allow tho action to oontinno 
uiimtoiruptodiy. 'Jlioso piocosses aro also cmployod m othoi oxpoiimonla, 
and it IS enough to Imvo pomtod them out once. In somo caaca tho aDcjond ia 
tlio only piaolicnble one. This may ho easily dcoidod upon in making tho 
oxpcuinonts. 
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be less sensible in piopoition to the thinness of the mug m 
question Tig 3 lepiesents the lesult of the expenment with 
tw o unequal segments The discontinuity of the cui \ atiii es is 
a veiy geneial fxet, which we shall ficqucntly find to lecui in 
the couise of om expeiimenta li will heieaftei lead us to \ciy 
impoitant consequences 

15 I have lepeatecl the same expenment, substituting n plato 
of an elliptic foim foi the ciiculai plate In this, as in the 
piececling case, the oil extends ovei both faces of the sohd^ so as 
entiiely to co\ei them and, if the volume of the liquid mass is 
not too gieat the ciiuatmes again tciminaie ahiupllj alonj, 
the xim of the plate By giaduallj augmenting the volume of 
the pnmitive sphuc of oil without howcvci icndeung it siifli 
cicntlj laige to allow of the mass compUtely en\clopmj 3 the 
plate so as to ictain the spheiical foim, a limit is aitiinod at 
which the cd^e of the pi ite ceases to leach the supoi fiend 1 ij ci 
oi the new figuio of cquilibiium except at the two sumnuls of 
the ellipse Ihe discontinuity m the cuivatiues then onh ocema 
at these two places 1 igs 1 and 5 exhibit ihe lOsiiU of the CK 
peiimcnt m tins case In 1 the long axis of the cllipsi is 
piesenfccd to mow, in fi^, 5 its shoit axis 

16 All the farts winch we ha\c hilhcito detailed show, 

that so long as the lutciioi of the mass is modified, its cx 
tcinal sliapeundugoes no altciation Imt that dncclly the siipci 
ficial layei is acted upon the mass acqmi cs a clifFci ent fm m I r> 

complete the pi oof by oxpcumuit alone, that tlu configuring 
actions excited by the liquid upon itself emanate solely fiom Iho 
supei ficial lay Cl, the only point would thou be Uit possibility of 
leducing a liquid mass to its supuficuil layci, oi at least to a 
thm pellicle, and to see if in this state it would assume the sumo 
figmeofequihbimm as a complete mass Now tins is complcicly 
leahzed in soap bubbles , foi these bubbles, when detached h om 
the tube in which they have been made, assume, as is well 
1 nown, a spliencal foim, t e the same figiuc as that which wo 
find a complete mass acqunes in oiu appaiaiua, when with 
diawn fiom the action of gia\itj and peilectly fiee When; 
the mass adheics to a solid system, which modifies its fignic, 
it IS clear that the entue configmative acUon^is composed ol 
two parts, one of which belongs to the solid system, and wo 
find that this system only exerts it when acting upon the an 
perficial layer the other belongs to the liquid, nnd emanafoa 
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directly fiom the fiec poition of this tsanie supcificml laycu The 
iacts Tillich WQ have related show clcaily what is the seat of this 
second part of the whole ooufiguiativc action; but they do not 
make us acquainted with the natuic of the foiccs of which it 
consists. On lefening to theory^ wc find that these foiccs 
consist in piessuiea excited upon the mass by all the elements 
of the superficial layer^ pleasures the intensity of which depend 
upon the curvatiwcs of the suiface at the jiointa to which they 
coiiesponch Ilcncc it follows that tlic mass is jnossed upon by 
ovciy paitof its supeificinl layer, with an intensity depending in 
the same maiinci upon the cnrvatuics of the surface, Voi instance, 
a mass the fi ce sui face of wdiich pi esenls a convex aphcncal cui va- 
ture, wnll be pressed upon by the ivhole of the siipci ficial layer be- 
longing to this fice surface, witli a grcntci intensity than if this 
suiface had been plane, and ibis intcnsiiy will be more con- 
siderable in piopoi Uou as the curvature is gi eater, oi as the radius 
of the splieic to whieh (he suiface Jiclongs is less, Let us see 
\Y)ietIiGr experiment will lead us to the same conclusions 

17* The solid system winch wc aliall employ is a ciicular ])cr- 
forated plate (fig. fi). It is placed veitieally, and attached by a 
point of its circumfeicncc to the iron wiic which suppoits it 
Let the diametci of the sphete of oil be less than that of the jilatc, 
and let the latter be made to peucliatc the mass by its edge in 
a diiection which does not pass thiough the centie ol the bpheic. 
At first, as in the oxpeumeut at paiagiaph 14, the oil will foim 
two unequal spheiical segments, but mattcia do not remain in 
this state. The most convex segment m seen to dimmish gui- 
dually in volume, conacqucntly m curvature, wlnlst the oilu'r 
increases, until they have both become exactly equal One part 
of the oil then passes through the apeiturc in the plate, so as to 
be transfer! cd from one of the segments towards the other, until 
tile above equality is attained. 

Let us now examine into the consequences deduoible fiom this 
experiment, judging from the preceding ones, and niclepciulcntly 
of all theoretical eonsidernlions. When the oil has once become ex- 
tended over both surfaces of the plate, in such a manner that the 
superficial layer is applied to every part of the margin of the lattiM , 
the aotion of theWid system is completed j and the movements 
which subsequently ensue in the liquid mass, to attain the figure 
of equilibiium, can only then be due to an action emanating from 
the flee pai t of the superficial layer. It is therefore the latLci w hioh 

von, V PART KX. s 
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compels the liquid to pass thiough the apeituie in the plate, 
and the phnenomenon must nccessaiily lesult cithci fiom a 
piessuic excited by that poition of the supeihcxal hyci winch 
belongs to the most convex segment, oi by n tinction jnodviccd 
by the poition of this same hyei bclongm^^ to the oihci segment 
Oui expeiiment not being alone capable of dctci mining oui 
choice between these two methods of explaining the effect m 
question, let us piovisionally adopt the flist, ^ c that whieli 
altubutes it to piessuie In oiu cxpeiimcni^ this piessuic onia 
nates fiom the supeificnl layei of the most cm ved segment , but 
it IS easy to sec that the supcificial layei of the othci segment 
also exeits a piessuic 'uliich, alone, is less than the pieccduig 
In fact, if foi the most cm ved sct,ment a segment less enned 
than the othei Meie substituted, the oil would then be duven 
in the opposite diiection Hence it follows that the cn 
tne supeiflcial lajei of the mass exeits a piessuic upon the 
liquid which it encloses, and that the intcnsitj of ilns piossmc 
depends upon the cuivatuies of the ficc suifacc Moiodn ci, ub 
tlie liquid pioceeds fiom the most cm ved segment to that 
which IS least so, it is cMdent that in the case ot a convex sui 
face the cuivatuie of which is sphcnca], the picssuio is gicalci 
m piopoition as the ciuvatme is moio mailccd, oi as ilio ladm^ 
of the spheie to which the suifaco belongs is sinallci T antlj , 
since a plane smface may be consideicd as belonging to a spheie^ 
the ladius of which is infinitely gicit, it n evident that the 
piessme coiiespondmg to a convex smface, the cunatuio of 
which IS spheiical, is supeuoi to that which would cout spend 
to a plane smface All diesc icsults wcic announced by tUcoiy 
They perfectly \eiify then that pait of the lattci to winch they 
refer and this concoi dance ought now to decide m favom ol the 
hypothesis of piessme This same pait of the theoiy w as alicndy 
veiified, in its application to liquids submitted to the action of 
giavity, by the phenomenon of the depicasion picscnled by 
liquids in capillaiy tubes, the walls of which they do not moisten 5 
but the senes of'ohr expeiiments setting out with the elcmciilH 
of the theory, and following it step by step, yields fai rnoi c dii C( \ 
and complete veiification Our last cxpeiiTuent lohds us to sliU 
further consequences The liquid passing fiomoneofitsscgniontw 
to the othei So long as then cuxvaturos hftvp not become ulctw 
tical and the pressuies coiiespondmg to the two poUions of the 
supeifioial layei becoming equal to each othci simuUancoiiftly 
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the two cluvatuics, it Tollows that the mass only attains its 
figure of cquihbijum wlieii tins equality ofpiessuieis established 
We thus have a primaiy vcufication of the geneial theoiy of 
('q^ullibimm which goveins our liquid figiuca^ a condition m 
virtue of w’luch the pressuics exerted by the supeificial layei 
oiiglit to be cveiywhcie the same, Moieover^ it is evident 
that if a superficial layci^ having a sphciical cuivatuie^ excits 
by itself a picssure, this piinciplo must be luxe ho^^evcr 
fsmall tlie extent of this layer may be supposed to be» It fol- 
lows, theicfoie^ that an cxhemcly miimtc poition of the super- 
ficial layer of oui mass; taken from any pait of eithci of the two 
BCg incuts, ought itsell to bo the seat of a slight picssuie; con- 
sequently, that the total picasuie excited by the supeificial layer 
is the icault of individual picasuics emanating fiom all the clc- 
nmuls of this layer. Thus was also shown by theory. Further, 
Ibllowing the same tiain of leasonmg, we see that the intensity 
of cuch of the minute individual prcssuics ought to depend upon 
the curvature of the coiresponding element of the layci, winch 
IS also in conformity with theory. Lastly, as m a state of cquih- 
briutn tlic two segments belong to spheres of equal rachi,the cm va- 
iiij G IS the same in all points of the surface of the mass j whence 
it follows, tliat all the minute elemental y prcssuies are equal to 
each other The general condition of cqmhbiiuni (§ 5) is theie- 
forc perlbctly vejified in the instance of oiu expciimenfc 

18. The principle of the superficial layei, applied to the pie- 
ceding expcuincnt, allows of the latter being modified in such a 
mannei as to obtain a very remarkable lesult. When the 
figure of equilibrium is once attained, the perforated plate acts 
upon the supeificial layer by its external bolder only. Tlie 
wliole of the remainder of this plate then exeits no influence 
upon the flguie in question. Hence li follow^s that this figuie 
would still be the same if the apeiture wore enlarged, only the 
grcfiicv the diamotci' of the latter the less time is lequiiod 
for the establishment of the equality between the two curva- 
tuies. Lastly, wc ought to be able to enlarge the apeituie 
nearly to the margin of the plate without changing the figure of 
cquiUbrium j or, in other woids, to leduce the solid system to a 
simple ring of tlr^n iron wire, Now^ this is confirmed by expen- 
nient j but, to put it in execution, we cannot confine oui selves, 
ns before, to making the solid system penetrate a sphoie of oil 
of leas diameter than that of this same system, and subsequently 

2 s 2 
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to allow the moleciihi loices to ftot because the metallic \mic, 
on account of its small extent of suiface uoulcl not e\eil a siif 
iicient action upon the supeificial layer to cause the liquid to 
extend so is to adheie to the entiie suifacc of the iing Ihc 
mass would then lemain tiavcised by pait ot ihc latlcij and it« 
spheiical foim i\oul(l not be sensibly altcied if the metallic u nc 
weie small the liquid siuhce uould mucly be slightly laisdl 
upon the wne m the two small spaces at which it issued fioin 
the mass To speak moie exactly^ undu the on cumstanccs in 
question t^\o flames of equilibi lum aie possible One oi tlusi 
diffeis but veiy slightly fiom the spheie, it is not syminGliual 
with legaid to the iin^^, one pait of which tiavciscsiLwlnlsl the 
othci pait icmains fiee The second figiue is pcifcctly symnic 
tncal as legaids the iing and completely embmcea its maif^in 
its surface is composed ot two equal apheiicnl ouivcs, the mai- 
gins of which lest upon the iing m othci wouls^ it constituU'i 
a tiue doubly convex lens of equal ciuvaiuios ilus is the 
bgiue winch it is oui object to obtain I’oi this puiposcj wc? 
fiist give the sphue ot oil a diametci slightly ^icatci than 
that of the metallic ling, we then intioduce the lattu into llu- 
mass so that it is completely enveloped , hslly, by means ol Ihu 
small glass syimge (§ 9) some of the liquid is giaclimlly icmuMd 
fiom the mass* As this diminishes in volume its suitucc 
soon applied to e\eiy put of ihc muigm ol the ling and the 
volume contmiung to dimmish the IcnliCLilni foim hccoUKH 
manifest Aftciwaids by witlidi awing moio ol ihc liquid, the 
cuivatines of the two suifaces may be leduccd to that ckgicc 
which 18 consideied suilible In this way a bcaiitilul double 
convex lens is obtained, which is entuely liquid except at ila 
ciicumfeience Moreovei , in consequence ol the index of i cfi ac- 
tion of the olive oil being much gicatei Unn that ol Uk nlcoliolie 
mixtuie the lens m question possesses all the piopulics ot con 
veiging lenses thus, it magnifies objects seen ihiough mul 
this magnifying^ powei may be vaiicd it pleasuio by icmovin^^ 
some of the liquid fiom, oi adding moic to, the mass Out flgiu c' 
theiefoie realizes that which could not bo obtained with gloBH 
lenses, t e itfoims a lens the ciuvatuie and magnifying powi i 
of which aie vauable The dmraetei of that which 1 ioimecl 
was 7 centimeties, and the thickness of the metallic wue wfiH 

7 he pomtof the in triimein is mtioduced into tlio vossol tluouirh tlm 
ecoml apertur hi the lid ^ 



WITHDRAWN FROM THE ACTION OF GRAVITY 60,5 

f^bout -2 millimetre. A much finer M'lre might have been used 
\vifclx the same success i but the apparatus would then become 
inconveiuent^ on account of the facility with which it \\ould be 
put out of sliape. By opei ating with caie, the ciuvatuies of the 
lens may be diminished so as almost to make them vanish; thus 
I have been enabled to reduce the lens which I formed, and the 
diameter of which, as I have stated, was 7 ccntimeties, to such an 
extent that it was only 2 oi 3 milhmeties in thickness Hence 
wo niightpiesumethatifc would be possible to obtain, by apropci 
mode of pioceoding, a Inyei of ml with plane faces This is, m 
fact, confirmed by experience, as 'wc shall see further on. 

11>. To rendci the cmvature& of the liquid lens veiy slight, 
the x 3 oint of the syiinge must natuially be applied to the middle 
of the lens, because the maximum of thickness exists there. 
Now when a ccitain limit has been attained, the mass suddenly 
becomes divided at that point, and a curious pluuriomcnon is 
produced. The liquid rapidly ictnes m ovciy dncction towaids 
the inetullic ciicumleicnce, and foims a beautiful liquid ring 
along the hittoi , but this ring docs not last foi more tlian one oi 
two seconds, alter which if spontaneously lesolvcs itself into 
several small, almost spheiical masses, adheiing to vaiioiis paits 
of the ling of iron wire, which passes through them like the 
beads of a necklace. 

20. The icasoning mIucIi led us, at the commencement of 
paragraph 18, to i educe the primitive solid system to a simple 
tnetallic viio representing the line in the dnection of which this 
system is met by the superficial layer belonging to the new 
figiiio of equilibrium, may be generalized. We may couelude, 
that whenever a solid system mtioducccl into the mass is not 
met by the supcrficml layci of the figuie produced, except- 
ing, ill the cluoctum of small lines only, simple iron wiics, icpie- 
aciiting the lines in question, may be substituted for the solid 
system employed. But if the volume of the piimitivc solid sy- 
stem vvcic coiiflideiable, it would evidently be icquisite to add to 
the innas of oil an equivalent volume of this liquid, to occupy the 
place of the solid parts siqiprcsscd. 

There is liowcvci nii exception to this principle; it occuis 
when the solid system separates the entire mass into isolated 
poi tions, as ui the experiment of paiagiaph 14, for then these 
])oiTioiis assuipe figures independent of each other, and whicli 
muy correspond to diffeicnt picsbiucs. In this case the sup- 
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pression of one iDOition of the solid system would plico tlu. 
figuies piimitively isolated in communication and the inequality 
of the piesaiups would necessaiily induce i change in the ^vholc 
figuie Excluding this exception, thepiinciple is gcneial, and the 
lesult of it is that well dc\ eloped effects of configuiation may ho 
obtained on employing simple iron wnes instead of solid systems 
The experiment of the biconvex lens fiunisbes one instmico ol 
this and we shall meet with a gieat many othcis hoicaftci 
Neveithelcas, to be enabled to compichend the inllucucc of a 
simple metallic wire upon the configuiation of the liquid mass, iL 
IS not lequisite to considei this wno as substituted foi a complete 
solid system, it may also be considcied by itself It is, m fad, 
cleai that the solid wiic actin^ by atti action upon the supci 
ficial laj ei of the mass the cui vatuies of the two poitiona of tlu 
suifacc lestiDj^ upon it ought not to have any fmtliei lelniion of 
continuity ^vith each othei The mttallic unc may iheicloic 
clctcimmc a sudden tiansition between these two portions of tho 
suifice the cuivatuics of uhich will tciminatc abuiptly at tho 
limit Inch it places to them Ihc pi inci pies which wc luuo 
established ought undoubtedly to be considucd as among tho 
most 1 email able and cuiious consequences of the pnnciple of 
the suppi ficial lajei, and one cannot avoid bein^ astoinshcd 
when we see the liquid maintained in such diffoicnt foims by an 
action exeited upon the extiemely minute paits of the siipci (icuil 
layei of the mass 


21 Wc Inve cxpeiimentilly studied the influence of convex 
sui faces of spherical cuivature let us now asceitain what expe- 
iiment is able to teach us in legaid to plane suifaces and coiicavo 
surfaces of spheiical cuivatuic Let us lake foi the solid system 
a Imge stnp of non cuiveci cuculaily so as to foim a hollow 
cylindei and attached to the suspending non wuc by some ^loint 
on Its outei smface (fig 7) To picvent the pioduction of 
accessor} phaenomena m the expeiimenfc, we shall suppose that 
the breadth of the metallic band is less than Uie diametci of tho 
cylinder foimecl by the same band, oi that it is at least equal to 
It Make the mass of oil adheie to the inteinal smface of tlim 
sys em, anc et us suppose that the liquid is m suflicient qunn 
tity then to project outside the cylmdei In this case the mnsa 
vnl piesent on each side a convex smface of spheucal curvntui c, 
and the cui vatuies of these two sui faces will be equal Ihia 
fignie H a consequence of what we have picviously seen, and wo 
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ynwHt not stop heve^ for it will scive us as a staiting-point ni 
obtaining other figuies winch we lequuc. Apply the point of 
the syrmgG to one of the above convex surfaces^ and giadually 
withcli aw some of the liquid. The cm vatures of the two suifuces 
will then giadually diminish, and with caie they may be ren- 
deiccl porfccUy plane. It follows flora this fiist icsult, that a 
plane surface is also a siufacc of equilibrium, which is evidently 
in conformity with theoiy. Let us now apply the end of the 
syi uigc to one of these plane surfaces, and again icmove a small 
quantity of liquid. The two surfaces will then become simulta- 
neously hollow, and will loiin two concave surfaces of sphciical 
curvature, the margins of which vest upon the metallic band, and 
the curvaiuies of which arc the same. Finally, by the further 
removal of the liquid, the curvatures of the two siuiaces become 
greater and gieatei, always icmaining equal to each othei. 

Heucc li icsuUs, first, that concave am faces of spherical curva- 
ture arc still sui faces of equilibrium, which is also in accoi dance 
with theoiy. Morcovci, as the plane suiface left fiee sinks 
spontniicously as soon as that to which the instiument is applied 
becomes concave, it must be concluded that the supcificial layci 
belonging to the foimer exerts a prcsaiuc which is countei- 
balanced by an equal force emanating fiom the opposite super- 
fleial plane layer, but which ceases to be so, and which drives 
away the liquid as soon as this opposite layei commences to 
become concave, Again, as Anther abstraction of the liquid de- 
termines u new rupiuic of cquihbiium, so that the concave sui- 
facc opposite to that upon which wc ducctly act exhibits a new 
spontaneous depression when the curvaluve of the other suiface 
inci cases, it follows that the concave supcificial layci belonging 
to the former still excited a pressuic, winch at first was neu- 
Uali/ed by an equal pressure ailaing fiom the otlicr concave 
layer, but which becomes picpondcrant, and again drives away 
the liquid when the ciuvatmc of this other layer is increased, 

Hciice it follows, — 1 st, that a plane siu face produces a pleasure 
upon the liquid; 2nd, that a concave surface of sphciical cuiva- 
turc also produces a pressure, 3id, that the laltci is inferior to 
that corresponding to a plane suiface ; Uh, that it is less in pio- 
poiiioii as the Soncavity is greater, oi that the laclius of the 
aphctc to which the suiface belongs is smaller. These results 
wore also pointed out by theory, and had already been verified 
lu Uic appUcaliou of the lalloi to liquids submitted to the action 
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of giavity by the pliaenomcnon of the elevation of a liqincl 
column 111 n capillaiy tube, the Mails of mIucIi aio moistened 
hy it 

Reasoning upon these hets, aa we line done nt the end 
of paiagiaph 17 m legaul to convex sui faces ol sphcucal 
cuivatiiie we shall anivc at the conclusion that the cntiie 
piesauie excited by i concave supcificul layei of sphdical 
cun atm e is the lesult of minute individual picsamcs aiisin^^ 
fiom all the elements of this layei, and that the intensity of caclv 
of these minute pi cssmea depends upon the cuivatinc of that 
element of the hyei horn which it emanates Oui last c\pcu 
merit theiefoic perfectly vciihes that pait ol the thcoiy which 
ichtes to plane and convex siu faces of sphciical cmviUuo 
Lastl) , in the state of equilibuuin of oiu liquid fi^inc, the cm vu-- 
tuie bein^ the same at ill points of each of the t concave siu 
faces, it is again CMdent that all the minute elemental y picssuios 
aie equal to each pthei, which gives a new complete vcnhcalioiv 
of the gcnenl condition of eqmhbiiiim 

The figme we have just obtained constitutes n blconca^c^ 
lens of equal cmvatmes, and possesses all the piopeitics ol 
dueiging lenses, 1 o it chmmishea objects seen thion^h it, &c 
Moieovei as the ciuvatuic of the two sin faces may bt inci eased 
Ol diminished by as small dcgiccs as is wisliod, it follows iliat 
we thus obtain a diveiging lens, the ciuvatuic and action of whicli 
aie vauible 

23 Now let us suppose that we have inci cased the cmvn 
tmes of the lens until the two am faces neaily touch each othoi 
hy then summits'^^ We might piesume, that il the icmovnl 
of the liquid weie continued, the mass would become (ha 
united at that point at which this contact took place, and that 
the oil would leccde in evciy duection towauls the mcLalho 
band 1 his is howevei not the cisc, we then obscivo in tlie 
centie of the hguie the foimation of a smal! shaiply defined 
cuculai space, thiough which objects no longei apjicai dimi 
nished and we easily lecognize that this minute apace m occu 
pied by a layci of oil with plane faces If Ihc umoval of the 
liquid be giadually continued, this hyci inci eases more and 

r- 

opoiati n tlie point of tho eyrnigo must not bo plncod m iht 
1 iildle ol the figiue ns ni the enseof iho doiibly convox Icna but on tlio u n 
limy neiu tbe mctullic band ns this is now lliepoint whero the eienlLi^t flu k 
nes o( the li luul exists ^ 
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moic in diameter, and may thus be extended to within a loleiably 
tthoit dibtance of the solid surface In my expeiiinent, the dia- 
metoi of the metallic cyhiuler vas 7 ccntimctica, and I have 
been enabled to incicase the sue of the layei until its ciicum-- 
fcicucewas not moic than about 5 nuUimetiea fiom the solid 
surface; but at tins instant it bioke, and the liquid of which 
it consisted rapidly receded toMaids that which still ad- 
hered to the metallic band. The fact which we have just de- 
acubed is very lemailctible^ both in itself and m the suigulai 
thcoielical consequences to which it leads. In fact, that part of 
the mass tow Inch the layer adheies by its margin picsents concave 
surfaces, whilst those of the layci aie plane; now the cvistcnce 
of such a system of sui faces m a continuous liquid mass seems in 
opposition to theory, since it appeals evident that the pioasuies 
cannot be equal in this case But let us investigate the quesUou 
move minutely. 

24. According to thcoiy, the prcssuic corresponding to any 
point of the suvlace of a liquid mass, as wo have seen (§ 3), is the 
integral of the picssmes cxeited by each of the molecules com- 
pGSuig a rectilinear line pcipcndiculai to the suiface at that point, 
iind equal in length to the ladius of the sphere of activity of the 
molecular attraction The analytipal expiession of this integral 
contains no othci variables than the radii of the gicatest and of 
tho least curvature at the point under consideration (§ 4), con- 
sequently tlic prosbuio in question vanes only with the cuiva- 
tuies of the suiface at the same point. This is iigorously tiue 
when the liquid is of any notable thickness, but w’c shall show, 
that m tho ease of an exticmcly thin layer of liquid, thcie is 
unothcr element which exerts an influence upon the picssme, 
Let us conceive a liquid layci, the thickness of which is less than 
twice the radius of the sphere of sensible activity of tho mole- 
cular aitraciion. Let each molecule be conceived to bo the 
ccntie of a small sphcie iviili this same radius (§3), and let us 
fust consider a molecule situated in the middle of the thickness 
of the layer. The little sphcie, the centre of which is occupied 
by this molecule, will be intci seeled by the Uvo am faces of the 
layer, conseiiucntly it will not be entirely full of liquid , but tho 
segments suppreased on the outside of the two am faces being 
equal, the molcoulo will not be moie attracted pcipcndicularly 
111 one duection than in the other. Kow let a small right line, 
normal to and terminating at the two sui faces, pass thiougli 
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this same molecule^ and let us considci a second molecule 
situated at some othei point of this light line llic little splicic 
which belongs to the second molecule m question may again 
be Intel sected by the two suifaces of the layci but tlien Llic 
two suppiesaed segments will be unequal the molecule will 
consequently be subjected to a piepondciatiUj^ atUaction, 
dently dnected towaids the thickness of the layei Ihe mole 
cule will then exeit a piessuie m this ducction and it mu it be 
lemaiked that tins piessme will be less than if the liquid had 
any not ihle thiel ness the molecule being situated at the same 
distance fiom the suifuce fm m the lattci case the little sphcio 
would only be cut on one side and its opposite pait would b< 
peifectly hill of liquid It might also happen tliai the little 
spheie belonging to the molecule in question in the thin Injci is 
only cut on one side the molecule w ill then still cxei t a pi cssiu e 
m the same diiection^ but its intensity will then be as gicat m 
in the Cl e of a thick mass It is easy to sec that if the Ihicl 
ness of the layei la less than the simple length of the ladiua uf 
the moleculai atti action the little spheies will all be cut on both 
sides whilst if the thickness m question is compnsed between 
the length of the above ladius and twice tins same lengthy a poi 
tion of the minute sphciea w ill bo cut on one side only In both 
cases the piessiue exeited by any molecule being always tU 
lected towaids the middle of the thickness of the lavci, it m 
evident that the integial piessme couespondmg to any point ol 
eithei of the two suifaces will be the lesult of the pie^^suiea ni 
dividually exeited by each of those molecules, which, com- 
mencing at the point in question, aie aiianged upon hriK llu 
length of the small peipendiculai Now oai li of the two halve h 
of the small peipendicular being less than ihe ladius of the spheu 
of activity of the moleculai attinction, it lollows that the uum- 
bei of molecules composing the line winch cxcits the lutcgial 
pressme is less than iii the case of a thick mass Pluis, on tiu 
one hand the intensities of pait oi the whole of the clomontiuy 
piessures composing the integial piessme will be less than in 
the case of a thick mass, and on the othci hand, the niunbci af 
these elementmypiessuics will be less, bom this il cvulenlly 
toUowa that the integnl piessme will bo infoifoi to that ^hu li 
would occui m the case of a thick mas 
piessme coiiespoiichng to my point of 
to a thick mass (§ 4), the piessme coii 


>8 P always denotmj, the 
a plane smfacc belonging 
espondmj, to any poml ol 
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either of the sui faces of an exticmcly thin plane layer will 
theieforehe less than P. Moieovcr^ this picssinc ^ull he less 
in propoition as the layer is thinnci, and it may thus diimnish 
Hidcfimtely ; for it is clear that it would be leduccd to zero if we 
supposed that the thickness of the layer was equal to no moic 
than that of a simple molecule. 

We can obtain liquid laycis with curved surfaces^ soap-bub- 
bles furnish an example of these, and we shall meet with others 
in the proi^icss ol this in\estigation. Now by supposing the 
thickness of such a layer to be less than twice the i adius of the mo- 
lecular attiaction, ^^e should thus evidently aiiivc at the conclu- 
sion, that the corresponding pressures at either of its two siufacos 
would be infeiior in intensity to those given by paragraph 4, 
and that moreovci these intensities aic less in pioporUon as the 
layer is smaller. We thus ainvc at the following new pun- 
ciple » — 

In the case of eveuj Uqntd layer^ the thiclmess oftohich is less 
than twice the radius of the sphere of acltmiy of the molecular 
aiiractiony the j>TSsmre will not depend solely upon the curvatures 
of the smfaces^ but will miy with the thickness of the layer. 

25. We tliUB see that an extremely thin plane liquid layci, 
adhering by its edge to a thick mass the siu faces of which aio 
concave, may foim witli this mass a system m a state of equdi- 
brium^ for M e may always suppose the thickness of the layei to 
be of such value, that the picssurc conosponding to the plane 
surfaces of this layer is equal to that coi responding to the con- 
cave surfaces of the thick mass. Such a system is also very re- 
maikablc in respect to its lorm, inasmuch as surfaces of different 
nature, as concave and plane sm faces, succeed cncli olhci. This 
hcleiogeneity of form is moieovei a iiatuial consequence of the 
change winch the law of piessuros undergoes iii passing from 
tlio thick to the thm part, 

2G. As ^Ye have already seen, theory demonstrates the possi- 
bility of the cxislcnec of such a system m a state of cquilibiium, 
As regards the expeiimcnt which has led us to these considcia- 
tions, although the lesult presented by it lends to icahzc m an 
absolute manner the theoretical result, ilicrc is one ciicumstance 
^^luch 18 unfavoiJiable to the compleiiou of this realization. We 
can undei stand that the lelativc mobility of the molecules of 
oil IS not sufficiently gieat to occasion the immediate forma- 
tion of the liquid layer witlx that excessive tenuity which is 
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lequisitp foi equilibmim the thicl ness of this lujci, 
veiy minute absolutely speal mg, is undoubtedly, duiing the hiht 
moments, a considtiable multiple ot the thcoicticul tlucl ness If 
then «e pioduce the layei uithout extending it to that lunit to 
which it is capable of inci easing duiing the opei ition, and ufld- 
xaaids leaie it to itself the piessuio coiicspondiug to its plane 
suifaces will still exceed that coiicsponding to the poncuve sui- 
fuces of the lemamdei of the liquid system lienee it foUmvH 
that the oil ivithin the layei uill be dm on ton aids this othu 
pait of the system and that the iliicl ness of the Inyii v\ill pm 
giessively diminish The equihbiium of the fi„uie will then ba 
appaient only, and ihe hyei will in icality be the seat of eon 
tinual movements T.he diminution ui tliicl ness howcvei, will 


be effected slowly, because m so confined a space the movcmenls 
of the liquid aie necesbauly lestioincd , this is why, as in Iho 
expeiimcntin paia^jiaph I7, the mass only acquiies its figiui 
of equilibiium slowly because theic 13 a cause which impede h 
the movements of the liquid Ihc thicl ness of the layei gui 
dually appioximates to the themetical value, fiom which llu 
equilibrium of the system would lesult but unfoiLuuulcly iL 
alw ays happens that befoie attaining this point, tlie lay ci hi enka 
spontaneously This effect depends, without doubt, upon the 
inteinal movements of which I have spol en above, we cun 
imagine in fact that when the layei has become of cxtienu 
thinness the slightest cause is sufficient to dete 1 mine its 1 ujilni e 
The exact figuie which coiiesponds to the pquihbimm is theic loic 
a limit tovvaids winch the fi^^uie pioduced tcnels this luuit llu 
lattei appioaches veiy ncaily and would attain if it w cm not 
Itself pieviously destioyed by an extianooiis cause 


Our expel iment has led us to modify the lesults of Lheon m 
onepaiticulai instance butwe now sec, that, fu fiotn wcnl eniiiK 
the piraciples of this theoiy it fuinislies on the continiy, in 
complete as it is, a new and stiil mg veiifioation of it i lie con- 
version of the doubly concave lens into a system compi mme u 
thin layei, is connected with an oidci of genual facts, we sluiU 
seetlmtalaigenumbei of ou. liquid flguies become tiansfoiincel 
by the gradually produced diminution of the mass of which tin y 

1 “f consisting of hyoisroi into the com- 

position of svhjcli Hyeis entei 

27 If by ome modification of oui last expciiment, wo coithl 
succeed m obtaining the equihbimm of the hquul sj stem, wc 
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iinight be able to deduce fiom ifc a result of great iiiteveat — an in- 
clicfition of the value of the laclius ot the sphere of activity of the 
molecular attraction. In lact, \vc might peiliaps find out some 
method of detoi mining the thickness of the layer; these mighty 
for instance^, then exhibit colours, the tint of winch would lead 
us to this dcLcrmi nation Now wo have seen tliat in the state 
of eqinlilndum of the figures, half the thickness of the layer 
would be less than the ladius in question , hence we should then 
have a limit above nhicli the value of this same ladius noukl 
exist* In other words, we should know that the niolcculai 
atLi action pioduccs sensible cfFccts, even at a distance from its 
centie of action beyond this limit. Oui cxpeiimenl, although 
111*31101010111, may thus be consideied as the fiist step towaids the 
cleterniination of the distance of sensible activity of the inolcculai 
attraction, of which distance at present we know notluiig, except 
that it 18 of exUemo minuteness, 

28, Let us now leturn to the considoi atioii of thick masses. 
It follows from the expenments iclated in paragiaphs 13, hi, 
17 > 18 and 21, that when a continuous poitiou of the suifaco 
of such a mass lesls upon a ciiculav peiiphery, this suifacc is 
fiUvaya either of spheiical cuivature or plane. But to admit 
this principle in all its generality, wc must be able to de- 
duce it from theory. Wc shall do this in the following seiies, 
at least on the supposition that the poition of the sin face in 
question la a suilace of revolution, Wc shall then ‘sec that tins 
same principle is of gical importance. We may lemaik here, 
that in the experiment in paragraph 23, the layer commences 
ta appear na soon as the surfaces can no longci constitute 
spherical segments. Now we shall again find, that ui the othci 
cases, when n full figuie is converted, by the giadual withdrawal 
the liquid, into a system composed of layeis, oi into the com- 
position of which layers enter, the lailcr begin to be formed when 
the liguic of equihbunm, which the ordinary law of picssurcs 
would determine, ocascs to be possible. The mass then assumes, 
or tends to aasumc, another figuie, compatible with a modifioa- 
tion of this law, Such is the gencial principle of the formation 
of layers under the ciicumstances in question. 

29 . After liawig formed a conveiging and a diverging liquid 
lens, it appealed to me cuiious to combine these two kinds of 
lens so as to foim a liquid telescope. For this pm pose, I first 
substituted for the rmg of iron wire in paiagraph 18 a ciicnlar 
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plate of the same dnmetei pLifointed by a hi^e npeitiue (R^ 8) 
This plate having been turned m a lathe^ I m as tea tain of its hi 
peifectly circuHi^ 's^hich uould be a vciy difhculi condition lo 
fulfill in the case of a simple cui\cdiion wiie In the second 
place, I took for the solid pait of the doubly concave lens, a band 
of about 2 oentiraetiea m bieadth, and cuivul into i cyluitki 
centimeties in diametei Ihcsc two systems wuc aiian^i d 
as in fig 9, in such a mannei that the eiitno njipaiatus bcin[^ 
suspended veitically in the alcoholic mixtmc by the non \m\l r/, 
and the two liquid lenses being foi med, then o ccnlics ci t at 
the same height, and 10 centimeties distant fiom each othci In 
this aiiangement the telescope cannot be ad)ustecl by dtciinf^ 
the distance between the objective and the eye piece , but thi« 
end IS attained by vaiying the ciiivatuies ol tlicac two lcnsc« 
With the aid of a few pieliminaiy expeumonts I easily nmnn|^< d 
to obtain an excellent Galilean telescope, magnifying cl j slant oil 
jects about twice, hi e a common opeia glass, and pti 

fectly distinct images with voiy httlc uisation lug 10, uhn li 
lepiesents a section of the sjstem shows the two Icnsoa unii 
bined 

Flames of eqmhbnum teimtnated by plane mi /ace$ Liguul 
polyliedra Lamtnai figm cs of tqmiibi mm 

30 In the expeiiment detailed at piuagiapli ^1, wo oblnini il 
a figuie piesenting plane auifaccs lliesc wcie two in nunibci, 
paiallel, and bounded by cnculai pciiphcncs, but it is cvichiit 
that these conditions aie not nccessaiy in oidei to allow plane kui -■ 
faces to belong to a liquid mass in cquihbuum Wt can undi \ 
stand that the foi ms of the solid contoms might be indiRcicnt j^io 
vided they constitute plane figuies We can moicovci uiidei-* 
stand that the numbei and the lelative dueclions ol the iilune 
suifaces may be a mattei of indiffcicnce because these Liioiun 
stances exert no influence upon the picssiues which coucapouel 
to these smfaces, pi essurcs which will always lemam ccjiial to 
each othei Lastly, it follows fiom the punciplo at which we 
ai rived at the end of paiagiaph 20, lelative to Uic innueiicc o( solnl 
wiles, that foi the establishment ofthetiansiUou between n plniii 
and any othei suiface a metallic tliiead lepiesentmg llic edge ol 
the angle of intei section of these two smfnccs will be suiricieuL 
We ai e Jhns led to the cm ions i esult, that m o ou ght to be able li> 
form polyhedia which aie entiiely liquid excepting at tlien cdgta 
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Now tins IS completely veiified by experiment. If foi tlio solid 
system we take a frame work of non wiic I'eprcscnting all the 
edges of any polyhedron, and we cause a mass of oil of the piopcr 
volume to adheie to this fi*ame-woilc, wo obtain, m fact, m a per- 
fect manner, the polyhedron in question , and the curious spec- 
tacle is thus obtained of paiallclopipedons, pusins, , com- 
posed of oil, and the only solid pait of nhich is thcMi edges. 

To produce tho adhesion of the liquid mass to the entire 
framc-woik, a volume is first given to the mass slightly laigoi 
than that of tlic ])olyhcdron whicli it is to foim ; it is then placed 
m the fiamewoik; and lastly, by means of the non spatula 
(§ 9)3 which must be intioduccd by the second aperture of the 
lid of the vessel, and which is made to penetrate tlic mass, tlic* 
latter is leadily made to attach itself successively to the entire 
length of each of the solid edges, The excess of oil is then gia- 
dually removed with the syungc, and all tlic surfaces thus be- 
come simultaneously exactly plane. Hut that this end may be 
attained m n complete manner, it is clcaily icquisite that the 
equilibrium of density between the oil and the alcoholic mixture 
should be porfecUy ostabhslicd ; and the slightest difibicncc in 
this icspcci is sufiiciont to alter the sui faces sensibly. It slioulcl 
also be borne in mind, that the manipulation with tho spatula 
sometimes occasions the intioduction of aloohohe bubbles into 
the interior of the mass of oil; those arc, howcvei, easily re- 
moved by moans of the syungc. 

31. Now, having formed a polyhcdi^m, let us see what will 
happen if wc gradually remove some of the liquid, Let ns take, 
for instance, the cube, the solid liamc-woik of which, with its 
suspending wire, is icprescntcd at fig. Let the point of 
the syringe be ai>phed ncai the middle of one of the faces, and 
let a small quantity of the oil bo diawn up. All the faces will 
immediately liccomc depressed simultaneously and to the same 
extent, so that the supeificial square contoms will form the bases 
of six similar hollow figuics. We should have imagined this to 
have been the case for the mainlenanec of equality between the 
piessures. 

If fresh portions of the liquid arc removed, ilio faces will 
become moic aTid more hollowed; but to understand what 
happens when this manipulation is continued, we must hove 
enunciate a firclimmaiy piopositioii, Suppose that a square 

* Tho o<lgGa of all tho fiainos which I uaotl weio 7 (’oiUiinH In length 
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plate of non, the sides of which ate of the simo hngih as Liu 
edges of the metallic fiame^ is inttoduced into the ^Gsscl uiul 
that a mass of oil ecjual in volume to that which is lost by one 
of the faces of the cube is placed in contact with one of the lact s 
of tins plate, I say that the liquid aftei having hocoin< un- 
tended upon the plate will piesent m lelicf the same figuu an 
the face of the modified cube pioscnts in inlnglio Ihen in fiu 1 1 
in passing fiom the hollow suiface to that m ichef the ladu o( 
cmvatuie coiiesponding to each point will only chm^^o lluu 
Signs without changing in abbolute laluc, consequently (§H) 
Since the condition of equilibimm is satisfied as icgaids the fiinl 
of these smfaees, it will be equally so with iCj^aul to Uir Hi ( mul 
Now let us imagine a plane passing tlnoiigh one side ol tlir* 
plate and tangentially to the suifacc of ilie liquid which udlu \ c ^ 
to it at that point As long as tins liquid is m small quiintitv 
we should imiginc^ and expciiment beais us out, that lh< ]dmi< 
111 question will be sti on gly inclined tow aids the but il 

we giadually inciease the quantity of liquid, the aUp^lc conijn ist i! 
between the plane and the plate will also continue to incicam 
and instead of being acute as befoie, will become obtuse Now 
so long as tins angle is less than the convex smfaec ul ilu 
liquid adhenng to the plate will leniain identical with tin ctiii*- 
cave sui faces of the mass attached to the metallic fiauu^ uiiil 
suitably diminished but beyond this limib the cocMslenct iii 
the flame of the six hollow identical smfaccs with the suiftu t 
in lehef becomes evidently impossible foi those ami icf s nui^ I 
mutually intei sect each othei Tlluis when the wilhdiawul of 
the liquid fiom the mass foimmg the cube is continued^ a pniut 
IS attained at which the figuie of equilibuum censes to b< 
lealizable in accoi dance with the oidmaiy law of picssiu cs \\ t 
then meet with a new vciihcalion of the pnnciple enunc uitoil iii 
§ 28 « c that the foimation of layeis commences I hese hiyc. J H 
me plane the} commence at each of the wues of the Immt , 
and connect the lemaindei ot the mass to the lattci, w hicli ct>n*- 
tmues to present six concave suifaces In lact wo can itungiin ^ 
that by this modification of the liquid figuio the cxialcncu nl 
the whole of this m the metallic fiume a^aiaberomos possibk ^ 
as also the equilibimm of the system, foi theiX is then no Itii- 
ther impediment to the concave suifaces assuming that lot at 
which accoids with the oidinniy law of piessuios, and on tli 0 
other hand, m supposing the ^eis to be sumciently thuh thi. 
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P‘essm*e belonging to them might be equal to that which coiic- 
spouds to these same concave sui faces (§25). 

On 1 eraovmg still tuilhci poi lions of the liquid, the layer will 
continue to enlnige, whilst the full mass wdiich occupies the 
middle of the figiae will diminisli in volume, and this mass can 
thus be lednced to veiy minute dimensions' hg. 12 icpieseiits 
the entile system in this latter state, It is even possible to 
make the little central mass disap[)cnr entnely, and thus to ob- 
tain n complete laminar system, but for this purpose ceitain 
pi ccautions must be taken, winch I shall now point out. When 
the eential mass has become sulTiciently small, the point of the 
syi'inge must Hist be thoroughly wiped, othciwisc the oil ad- 
heres to its exterioi to a certain height, and this nttiaction keeps 
n ceifcnin quantity of oil aiound it, which the instiument cannot 
absorb into itsintciioi. In the second place, the point of the 
syiinge must be dcpiesscd to such an extent, that it noaily 
touches the inferior surface of the little mass. Dining the suc- 
tion, this surface is then seen to become laiscd, so as to touch 
the oriflco of the instrument, and the latter then absoibs as 
much of the alcoholic nnxtiue as of the oil, but this is of no 
consequence, and the minute mass is seen to diminish by de- 
grees, so as nt last completely to disappear. The system then 
consists of twelve tiiangulnr layers, each of wliich commences at 
one of the wucs of the frame, and all the summits of which 
unite nt the centre of the figure; it is represented in fig, ]3. 
But this system is only formed duiiug the action of the sy- 
ringe, If, when this is complete, the point of the instiument is 
slowly witlidiawn, an additional lamina of a squnio form is seen 
to bo developed in the ccntie of the flgmc (fig, hi). This then 
IS the dofinitive laminiir system to which the liquid cube is re- 
duced by the gradual diminution of its mass. 

32. In the preceding cxpciiinent, ns in that of paragraph 23, 
the thickness of the layers is at fiist greater than that which 
would correspond to eqmlibnum. If then the system weie left 
to itself whilst it still contains a central mass, we should imagine 
Ihnt one portion of the liquid of the layers would be slowly 
driven towaida this mass, and that the iaycia would gradually 
become tliiniicr. 'Moreover it ahvays liappcns that one or the 
other of the latter increases alter some tune, undoubtedly foi 
the reason which we have already pointed out (§ 26). Hence, 
ibi the perfect success of the transformation of the cube into the 
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hmm'ii system, one piecwtion, which has not yet been spoken 
of must be attended to It consists an the cucunistance, that 
from the instant at \ihich the layers ause, the exhaustion of Uil 
liquid must be continued as quickly as possible until the cciitial 
mass has attained a ceit iin degree of minuteness In fact, as soon 
as the foimation of the layeis commences, then tendency to be 
come thinnei also begins to be developed , and if the opeiation 
IS effected too slowly, the system might bleak befoieitwaa coni 
pleted When the cential mass is sufficiently i educed^ mill c\ 
peiitnce soon teaches us lo judge of the suitable point, the action 
of the sjnnge must be giaduilly slackened, and at last the othci 
piecautions which ive have mentioned must be taken 
We lie able then to explain the luptme of the layeis so lonp; 
as thcie is a laige or small central mass, but when the laminiu 


sy tern is complete we do not at the fliat glance sec the icason 
why the thickness of the layeis diminishes, and consequently 
\ihy destiuction of the system takes place Nevcithclcss tlic 
ruptuie ultimately tal es place in this as in the othci case, ami 
the time duimg which the system peisiatsiaicly cx-tends to Imll 
an houi In ascei taming the cause of this plinmomenon, it muni 
be lemaikedihat the inteisections of the diflucnt layeis cannot 
occur suddenly, oi be i educed to simple lines it is evident that 
the flee tiansition between two liquid sui faces could not be tium 
established in a discontinuous mannei Ihcsc tiansitions ninsL 
therefoie be effected thiough the mteimedium of minute conenx t 


sui faces, and with a little attention we can iccognisc that in fnt t 
this leally takes place We can then unclei stand that tlio oil ot 
the layers ought also to be duven tow aids the places of junction 
of the lattei and consequently the absence of the little ceuiiul 
mass does not pieient the giadual attenuation of the laycrn^ 
and the final destuiction of the system 
33 If during the action of the ayimgc, when tho system 
shown in fig 13 has been attained, instead of slowly witlichawiup* 
the instiuraent it is suddenly detached by a slight shal e iii u 
vertical diicction, the additional layei is not developed , but Hit 
little mass m hg 12 is seen to be lepi educed voiy raindlv T. hiH 
fact conHims in a i email able mannei the explanation wlncli w i; 
have given m the pieceding paiagi aph In fa4t, at the itionu n 1. 
at winch the point of the instiumeiit is sepniatod fioin fh< 
sjbtem the laftei may be consideied ns composed of hollow iiv- 
ramicls now it also follows, fiom causes relating to then coutt- 
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niiity^ that the summits of these pyiaraids should not constitute 
simple points, but little concave surfaces. But as the curva- 
tures of these minute surfaces arc very great in cveiy direction, 
they would give rise to still fax less prcssiuc than those winch 
establish the transitions between each pair of sui faces of the 
layers, for in the latter there is no cm vatiiie in one direction. The 
oil of the la>eis will thcicfore be driven with much greater fmee 
towards the centre of the figuxe than towards the other parts of 
the junctions of those laycis. Again, the twelve layeis termi- 
nating in this same centre, the oil flows there simultaneously 
ft cm a large iiumbei of sources. These two coucurreut causes 
ought then, in conformity with cxpeiimcnt, to produce the rapid 
reappcaiancc of the small ccntial mass ; and wc can undci stand 
wliyut IS impossible to obtain the complete system of the pyta- 
mids othciwisc than during the action of the syringe. 

34 All the other poljhcdric liquids become transformed, like 
the cube, into laminar systems when the mass of which they aie 
composed IS gradually diminished. Among these systems, some 
aic complete; the othcis still contain voiy small masses, whicli 
cannot be made to disappcai entirely. Analogous considerations 
to those winch we applied with icgaid to the cube would show, 
in each case, that the foimatiou of layeis commences as soon as 
the hollow sui faces which would correspond to the oi dinary law 
of pressures cease to be able to coexist in the solid frame, Figs, 
15, 16, 17 and IB, lepicsent the laminar systems resulting from 
the triangular prism, the hexahcchal prism, the tetrahedron and 
the pyramid with a square base, Ihcse systems being supposed 
to be complete. They me all formed ol plane layers, com- 
mencing at each of the metallic xxiroa; and tliai of tlio liexalio- 
dial prism, as is shoum, contains an additional layer in tlio centre 
of the figuie. 

35. The system aiising fiom the regular octoliedron presents 
a singular exception, which I have not been able to explain. 
The layers of whicli Uus system is composed aie curved, and 
foim a fantastical gioiip, of uhich it is diflicult to give an 
exact idea by graphic icprcsontatiuna. Fig. 19 exhibits them 
projected upon two rectangular vertical pianos; and it is seen 
that tlie aspeotuof the system observed upon two adjacent sides 
are inveise as icgards each otlier. The formation of this system 
presents a curious peculiarity. At the commencement of the 
Opel at ion, all the faces of the octohedron become simultaneously 
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hollow the layeis m piogiess of foimution aie plane, and 
arranged symmetncally, so that the system tends towaids thi 
foim lepresented at fig 20 But when a ceitam limit is attained 
a sudden change occuis the laveis become emved^ nnd the 
system tends to assume the sinful u foira nhich wc ha\c men 
tioned Iha\e seveial times lepeated the e^peiiment 
the circumstances as much as possible, and tlie same efilets ai < 
always pioduced 

In the comse of this memon, I shall point out anothei pio 
cess foi obtaining Ummai systems, it is an exticmcly siinph 
one and has mox cover the advantage of pioducuig all tlu sj 
stems in a complete state 

36 In concluding our obsei^ations upon polyheduc* liquids, 
I shall lemaik that the tiiangular piism may be employed to ))i u 
duce the phoenomena of dispersion In tins way a beauidul sohii 
spectium may be obtained by means of a ]}i\sm with liquid f u c« 
But as the effect only depends upon the excess of the 
action of the oil above that of the alcoholic liquid, to obtain n 
considerably extended spectium the angle of icfi action of tlu 
prism must be obtuse , an angle of 110 gives a veiy good lesult 
Moreover ifc is evidently icqmsite that the faces of the pnsm 
should be perfectly plane which is obtained by using a cfiielully 
made frame by establishing exact equilibiium betneon tlu 
density of the liquids, and lastly, by aiiesting the action of the 
syringe exactly at the pioper point 

[To 1)Q continued ] 
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AuTictiC XVIII continued 

^a,j:)enmental and Thcoieixcal Researches on the Figures of 
ILquilihium of a Liquid Mass withdiawn from the Action of 
Chavity By J PiiAiCAU Profeswr at the XJmveisity of 
Ghent ^ Member of the Royal Academy of Belgium^ 

ScooND Series 

C>t7ie'i figures of Revolution besides the Sphere Liquid Cylinder 

Let us now endeavom to foim some new liquid figures 
^-t'liose best adapted to theoietical considerations m ould be figuies 
teimmatcd by suifaces of levolutioii othei than the spheie and 
lenticuhi figuies which we have aheady studied Suifaces of 
revolution enjoy simple pioperties in legaid to the ladii of the 
gi e^test and least cuivatuie at eveiy point, we know that one 
of these two ladu is the ladius of cuivatiue of the meridional 
line and that the othei is that poition of the noimil to this line 
"v\ Inch IS included between the point undci consideiation and the 
fx^is of iCYolution We shall now endea\oui to obtain figuiea 
of this natuie 

38 Let oui solid system be composed of two lings of non wiic, 
eqri'il paiallel, and placed opposite to each othei One ot 
these rings lests upon the base of the vessel by thiLe feet com 
-posed ot non wue, the othei is attached, by means of an intei 
Tnediate piece, to the axis tiaveising the cential stoppei so tint 
it may be appioxmiated to oi icmoved fiom the foimei by de 
piessing or elevating this axis^ The system foimcd by these 

* In the expeuments wlich ivc aie now about to dcsoiibo the shoit axis 
1 ^^preseiit cl in fig 2 of the pieoeding memon and which ha buhoito an \^ored 
01.11 \ uri ose must bo loplaced by another of about 15 centime m length 
VOL V PART KXI 2 U 
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two lings 19 repiesented in Phte VII fig 20 bib , the diamotei 
of those which I employed was 7 centims 

Aftei having laised the iippci iing as much as possible, let 
a sphcic of oil, of a slightly laigei dnmctei than that of the 
lings, be formed, and conducUd towards the loi^ei iing> in 
such a mannei as to make it adheic to the cntno ciicum- 
feience of the httei , then dcpiess tho uppei nng until it 
comes into contact with the hq^iud mass and tho hittei is uni 
foimly attached to it When the mass has thus become tid- 
heient to the system of the two lings, let the uppei ling he 
slowly 1 aised , when the iw o i ings ai c at a pi opci distance apai I, 
the liquid will then assume the foim the veitical piojectiou of 
which IS lepiesented m fig 21, in which the lines a h and c? aic 
the piojectiona of the iinga The two poitions of the siufacc 
which aie lespectively applied to each of the iings aie convex 
spheucal segments, and the poition included between the two 
lings constitutes a hguie of x evolution, the mciidional cuxvo of 
which, as IS shown, is convex exteinally We shall lecui, in the 
following series, to this pait of the liquid figuie If wc iiow 
continue giadually to laiso the uppei iing, the cmvatuie of the 
two extiemdies and the meiidional cuivatuie of the intei mediate 
poition will be diminished, and if theie is exact equilibiiinn 
between the density of the oil and the siiiiounding liquid^ the 
auifaco included between the two iings willbc seen to assume a 
perfectly cylmducal foim (fig 22) The two biscs of the liquid 
figuie aie still convex spheucal segments, but then cmvnitine 
less than m the piecechng flgiuc If the intcival between the 
rings be still fuithei incx eased, it is evident that the suilnco lU 
eluded between them would lose the cylinducal foim, and thal 
a now figure would lesult ^ This is whnt occuis , but the consi 
delation of the figuie thus pioduced must be defened 

Instead then of immediately incieasing the distance bctwcoi 
the rings, let us commence bj adding a ceitain quantity of cn 
to the mass, which will again lendei the suiface included be 
tween the iinga convex Let ua then giadually olcvato lb 
upper ling, and we shall pi o dace a cyhndei of giontei hei^h 
than the fiist If we lepeat the same manipulation u suiiabl 
numbei of tunes, we shall ultimately obtain the cyhndoi of th 
gieateat height which om appaiatus peimits*^ I have lU tin 
mannei obtained a peifectly eyhnchical mass 7 centims in dit 
metei and about 14 centims m height (fig 23) To allow < 
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the cylinder of this considei able height being peifect, it is lequi 
site that pGifcct cqinhty be established between the densities of 
the oil and the alcoholic liquid As a vciy slight ditfcience in 
eithci diiection tends to make the mass ascend oi deacendj the 
httei assumes, to a moie oi less maikcd extent one of the two 
foims icpiesented m fig 21 Fven nhen the cjhndiic foim has 
been obtained by the piopoi addition of alcohol of 1 6 oi absolute 
alcoliol^as occasion may icquiic 21 of the picccding memon), 
slight changes m tcmpeiatiue aic sufficient to altci and lepio 
ducc one of the above two foims 

39 I ct us now examine the icsults of these expciiments in 
a theoiclical point of view Tiist, it is evident that a cjlindiical 
suifaco satisfies the gcncial condition of equihbiium of liquid 
figuies, because the cuivaiuics in it aie the same at evciy point 
Moieovci, such a suiface being com ex in evciy dncction except 
in that of the meiidional line, wheic thcie is no cuivatuie, the 
piessuie conespondmg to it ought to be gicatei than that coi 
icspondmg to a plane suifacc TLhe same conclusions me de 
ducible fiom the gcncial foimulai (2 ) and (3 ) of paiagiaplis 1 
and 5 In fact, as no ha\( alieady stated in pmagiaph 37, one 
of the quantities R and R^ is the ladius of cuivatme of the men 
dional line and the othei is the poition of the iioim d to tins 
Ime included between the point undei considciation and the axis 
of 1 evolution Now in the case of the cylindei, the mcudional 
line being a light line, its ladms of cm valine is eveiy wheic in 
finitely gi eat and, on the othci hand, tins same ) ighb line being 
paialkl to tlie axis of icvolution, that poition of the noimal 
which constitutes the second ladius of cmvaiiue is nothing moie 
than the ladiua itscU of the cylinder Ilencc it follows, that one 

of the tcims of the quantify i+i, disappcaia and tlint the 

othei is constant, tins same qumiity is thciefoie constant, and 
consequently the condition of cquilibi mm is satisfied Now if w e 
denote by \ the ladius of the cylmdei, the gcncial value of the 
piGSSuic foi this suifacc would become 

ph — i 
^2 \ 

Now X being positive because it ib diicctcd towauls the intciioi 
of the liquid the above value is gicatci than P, i o than 
that winch would coiicspond to a plane suiface It is theiefoio 
evident that the bases of oin liquid cylmdei must necessauly bo 

2 u 2 
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convex, as is shown to be the case by expoiiment, foi as oqmli- 
bimm lequiies that the piessuie should be the same thioughout 
the whole extent of the figuie, these bases must piQcluce a 
gieatei picssuie than that which coiiesponds to a plane stuface 
Om plane figme then fully satisfies thcoiy, but veiilication 
may be uiged still fuithei Theoiy alloi^s us to deteimine with 
facility the ladms ot those splieies of ^vhich the bases foim a 
pait In factj if we lepieseni this laclius by the foiimil i (1 ) 
of paragiaph 4 Mill give^ foi the picssme coiiesponding to the 
spheies in question, 

P+A - 

Now as this piessiue must be equal to that coiiesponding to 
the cylmdncal suiface, we shall have 

fiom which we may deduce 

^ = 2X 

Thus the laduis of the cuivatuie of the spheucal segments con- 
stituting the bases is equal to the dinmetci of the cylindei 
Hence, as we know the dnmctoi, which is the same as that 
of the solid lings, we may calculate the height of the sphcucal 
segments, and if by any pioccss we aflei wauls mcasuio this 
height in the liquid hguie, we shall thus have a veiiflcation of 
theoiy even as legauls the numbeis Wo shall now investigate 
this subject 

40 Tf we iraagme the liquid figuie to be inteisocted by n 
meridional plane, the section of each of the segments will be an 
arc belonging to a ciicle the laduis of winch w ill be equal to 2X, 
accoiding to what we have aheady stated, and the vcised sine of 
half this aic will be the height of the Bcgmciit If we suppose 
the metallic filaments foiming the lings to be infinitely small, so 
that each of the segments lests upon the exact ciicumfeieiicc of 
the cylindei, the choid of the above aic will also bo equal to 2X , 
and if we denote the height onhe segments by A, we shall have 
A=X(2- v'3)=0 268 X 

Now the exact exteinal chametei of my ungs, or the value of 2X 
coirespondmg with my expeuments, x\as 71 rmilhms, -which 
gives A=9 57 millims But as the metallic wues have a ceitoin 
thickness, and the segments do notiest upon the external ciicum- 
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feicnce of tlie imgs it follows tliat the choid of the meuclional 
aic IS a little less than 2Xj and that consequently the tiue thco 
ictical height of the segments is a little leas than that given by the 
pieceding foimula lo detumiiie it exactly, let us denote the 
choul by 2c, which will give 


Now let us icmaih, that the meiidional plane intci sects each of 
the lings in two small ciicles to which the muidional arc 
of the spheiical segment is tangential, and upon c idi of which 
the choid of this aic intciccpts a small ciiciihi segment Tlie 
mendional aic being tangential to the sections of the wne it 
follows that the above small cnculai segments aio similai to 
that of the spheiical segment, and as the clioid of the lattei 
difleis but veiy slightly fiom the ladius of the cucic to vhicli 
the aic belongs, the choids of the small cucului segments 
may be consideied as equal to the ladius of the small sec 
tiona vliich ladius we shall denote by ^ It is moieovci 
evident that the cycess of the cxteinal ladius of the ung ovci 
half the choid c is nothing moic than the excess of the ladius 7 
ovci half the choid of the small ciiculai segments, which half 


choid, in accoulanco with what wc have stated, is equal to 


Thence we gclX— whence cmX— and \\e have only to 


sulistitutc this value in the pieceding foimula to obtain the hue 
thcoiciical value of A The tluchness of the \mic foimmg my 

1 

lings IS 0 74 milhm , hence =018 milhm , whicli gives as 

2 


the hue theoichcal height of the segments undei these ciicum 
stances, 

46 millims 


I may icmaik, that it is difliculf to distinguish m the liquid 
figiuc the pi eciae limit of the segments, ^ e the cucumlcionccs of 
contact of thou siufaccs with those of Ihc imgs lo get iid of 
this inconvcmoncc, 1 mcasiued the height of the segments, com 
mcncing only at the external planes of the imgs, t c in the case 
of each sct^j^meni, commencing at a plane pcipciuhcuhu to the axis 
ofievoluhon and icsiingupon the siufacc of the ung on that 
side uhich is opposite the summit of the segment I ho quantity 
thus mcasuicd is evidently equal to the total height minus the 
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versed sine of the small ciicular segments ^\luch wc have con- 
sidcied above j consequently these small cnculai segments being 
similar to that of the spherical segment, obtain for tbo tie- 
teimination of this veised sine, which \vc shall denote by the 

piopoition - =^5 which in the case of our liquid figure gives 

2 ^ 

/=0’05 millim., hence 

;i^/=:9 41 milhms. 

This then is definitively the theoietical value of the qimntiLy 
nhich was lequned to be measuied. 

41* Befoie pointing out the process 'sUiich I employed fov 
this puipose, and communicating the result of the opernUon, I 
must pieface a few impoitant lemaiks If the densities of the 
alcoholic mixtuie and of the oil arc not iigorously cqutil, tha 
mass has a slight tendency to rise oi descend, and the height of 
one of the segments is then a little too gieat, whilst that of the 
othei is a little too small, but we can understand that if tlieir 
difFeience is very small, an exact icsuU may still be obtained by 
taking the mean of these two heights. We thus ayoicl pait of 
those prchmmaiy expeiiments, which the establishment of per- 
fect equality between the two densities requiics. But one cir- 
cumstance which leqniies the gieatest attention, is the periuot 
homogeneity of each of the two liquids# If tins condition bo not 
fulfilled with legaid to the alcoholic mixture, i* e* if the upper 
pait of this mixtuie be left containing a slightly gi eater )>iopor- 
tion of alcohol than the lower poition, the liquid figure may ap- 
peal regulai and piesent equal segments \ all that is leqiured fur 
this IS, that the mean density of that pait of the mixture Inch 
is at the same level as the mass, must be equal to the density uf 
the oil, but under these circumstances the level of (he two seg- 
ments IS too low. In fact, the oil forming the upper segment is 
then m contact with a less dense liquid than itself, and conse- 
quently has a tendency to descend, uhilst the opposite applicH 
to the oil forming the infeiior segment-!'. Hetei ogenoity of tho 
liquid pioduces an opposite effect, * e. it lendeia the height of llu* 
segments too great. In fact, the least dense portions rising to 
the nppe. pan .f ,ha ,8 J 

(arc (/o of alcoliolio mi\- 

».,w r.i, 
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dense poitions descend to the lowei pail and tend to depicss it 
Now the quantities of puie alcohol^ and that at IG idded to the 
alcoholic nu\tuie to balance the mass, nccessaiily pioducc an 
altcintion in the homOtjCneily of the oil, foi, in the fiisL place^ 
the oil dining these opeiations bciiij^ in contact ^Ylth mixtuics 

Inch aie sonictimcs moic, sometimes less chaigcd with alcohol 
must absoib oi lose some of this by its suiface, lu the second 
pi ice these same additions of alcohol to the mixtuic dimmish 
the aatuiation of the littci with the oil, so that it lunovcs some 
of it fiom the mass and this action is undoubtedly not equally 
excited upon the t\\o piinciples of \\lucli the oil is composed 
Ilcnco bcfoie talcing the measmes, the dilfcicnt pails ol the oil 
must bo intim'itcly mixed togethci, which may he cflecled by 
mtioducing an non spatula into the mass, moving it about m it 
in all duections, and this loi a long time, beciusc the mixtuic 
of the oil can only be pcifccily efTccted with gicat difficulty on 
account of its viscidity 

io avoid the influence of the icactions which icndei the oil 
hclcxotacncous the opeiations must be conducted m the follow 
mg mannci — Ihe mass being intioduced into the vessel and 
attached to the tuo imgs and the equality of the densities being 
pcifectly established, allow the mass to icnuuii m the alcoholic 
liquid foi two 01 tlnec days, ic establishing liom tunc to tunc 
the cquilibiium of the densities ulteicd by ihe chcmieal icac 
tions and ilie vaiiations of lempeiatuie Altei wauls xeniovo 
the two lings fiom the vessel, so that the mass lemains fice , 
lemovc almost the whole of this, by means of a siphon, into 
a bottle, which is to be caicfully coil cd witluliaw with the 
synnge the small poition of oil which is lei I m the vessel, and 
1 eject this poition Next leplacc ihe two iings, and mix tlie 
alcoholic liquid pcifectly then again mtioduce the oil into tlic 
vessel, tal mg the pueaution of enveloping the bottle containing 
it with a cloth scvcuil times folded, so that the tcmpcialiuo may 
not be sensibly altcied by the heat of the hand ^ J lien attach 

♦ Iho followiii[^ tl 0 icasoa wlij ibo oil must bo icmovod fiom tbo vosaol 
bcloiQ Ginploymg it foi ibo txpcumuiit Altoi biiviiig lom uued o toaakloiablo 
timo m tlic nloolioho lujiiul tho il bccom » envoi pul by a kuul oi thm pol 
liclo 01 moio sUictly Hpuiking tbo aupiihcial Iciyci of tlio miiaa hixs lost pnifc 
of Its liquidllj nif clltet \^bi b undoubtedly nuBon liom tho unuquul notion of 
the nlcol ol upon the punelpks ol which the il Ib coinpoHcd liio nacosBary 
icBiilt oi tbia iH thnt the iihibb losuh at tbo bhiuq ibnopnit of its tomlancy to 
asBumo a dtlcumnnio iigiuo ol equllibuum which tendency muBt thoioioio bo 
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the mass to the lower ring only, the upper ling being raised ns 
much as possible ; mix the oil intimately, as we have said above ; 
then depress the upper iing, cause the mass to adhere to it, 
elevate it so as to foim an exact cylindei, and proceed imme- 
diately to the measmement. 

42. The instillment best suited for effecting the latter opcia- 
tions in an exact manner is undoubtedly that winch has iccci vod 
the name of catlietometery and which, as is well known, consists 
of a hoiizontal telescope moving along a veitical divided rule. 
The distance comprised between the summits of the two seg- 
ments is first measui ed by the aid of this insti ument ; the distance 
included between the external planes of the two rings (§40) is 
then measmed by the same means* The difference bot^^eeu tlic 
fiist and the second result evidently gives the sum of the two 
heights, the mean of which must be taken; and consequently 
this mean, or the quantity sought, A— ^ is equal to half the 
diffeience in question, 

The determination of the distance between the external pianos 
of the lings leqiures peculiai piccautions, First, as the points 
of the nnga at which we must look aie not exactly at the ex- 
teinal surface of the figuie, the oil interposed between these 


completely restoied to it Tins is why tho oil is witluliawn by tlio Biphon In 
fact, the pellicle does not penetiatc the mtenoi of tlie lattoi, and dming fl« 
contiflction continues to envelope tho fimall poUion lonmining; ho tliat arun 
the lattei haa been iemo\ed by the syungo, which iilti mutely absoibs the puN 
hclo Itself, wo get completely iid of the latter 
Before using the siphon, the thiclmess and consistence of tho pellicle aio too 
slight to enable ua tlistinctly to peicoivo its piesence, hut when the opoiatiiiu 
of the siphon is nearly teumnated, and the mass is thus consideiably i ocluct d, 
we find that the surface of the lattei foima folds, lietico implying tho cxiatOTicc! 
of an envelope Moieovei, when the hlphon is lemoved, the small icsidimiy 
mass, which then remains freely suspended in the tiloohoiic hniml, no lontrci 
assum^is a spherical form, but letains an uiogulai nspoot, appearing to Imvo uo 
tendenoy to assume any regular form ^ ^ ^ 

,n niiamg f.om a (hmunU.oii 

n tlie liquidity of Uie supolficial layei, constitutes n new find ouiious inool of 
the ftindamentnl pimciple i-clating to this Isyoi (U Q (ukI |o lo lOt 
M Hngen (Mimotiesm la Surface des Ltqvules, in tho Momouaoflho Apti' 
demy Berlin, 1815 ) has observed a lema.kable fact to w] "h ho p oced n « 
appears to he rela ed It consists in this, that the w.fnco of wntoi, Ic t tr/ sLIl' 
for some time, undergoes a peoulm, modification, in consequence of wliicli tho 
water then rises in cnpillmy spaces to elevations which aio voiy distinct! v Ighu 
than IS tlie case when its siirlnce is c'cempt oi fteod from th.r..ltm , ^ Vu 
fact might perhaps be explained hv admitliiifr Him il[«^ , altointion, 1 Iuh 

proportion of theUstaiiL of the sohdw^^ 

external air acts chemicallv at the sinfocn nf n tH'd thnt tho 

dissolved, thus giving ^ei, beta the substiuioo 

the efTects of tho molccitlai foices, * slight polltclc which inodilieiti 
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points and the eye must pioduce some effects of lefi action, 
nhicli Mould mtioduce a slight cnoi into the \ nine obtained 
lo avoid this inconvenience, we need only expose the imgs by 
allowing the liquids to escape fiom the vcsstl by the stop cock 
(note 2 to ^9), then icmove the minute poitions of the liquid 
ft Inch 1 email! adhcientto the ungs by l^ssing hglitly ovei then 
juiface a small stiip of papei which must be mtioduced into 
he vessel tlnough the second apcituic 'I he diops of alcoholic 
iqiiid icmaming attached to the innei suiface of the auteuoi 
ndc of the vessel must also be absoibed in the same niannu 
[n the second place, as it vould be difficult foi the ungs to be 
igoiously paiallel, their distance must bo rncasmed lioin tuo 
)pposilc sides of the system, and the mean of the tuo valuis 
bus found taken Ihc following aic the losultsuhich I ob 
ainod Ihe mensuiation of the distance bctucen the summits 
avc fiist in foul successive opciaiions, the values 7G 77^ 80 

() 85 and 7^5 75 milhins , the mean of which is 7^ 7^ millims 
Jut aftci the alcoholic liquid had been again agitated foi 
omc tune to lendci its homogcncitj moie cciiain, two now 
ncasiucmenls talon immediately aftciuaids gave 77^/5 and 
nd 77 00 milhms , oi a mean of 77 02 millims Ihc distance 
lotuccn the exteinal planes of the ungs was found, on the one 
land, by two obsei vatioiia, which ngiccd exactly to bo 67 7^ 
nilhms on the othci hand, two obscivations fuuuslied the 
alucs 67 87 and 57 85 imlhms, oi as the mean 57 86 milhms 
al mg then the mean of these two icsuUs, ue get 57 79 uiilUms 
3 the value of the distance between the ccntioa of (he exteinal 
danca Ilcmc, if uc assume the fust of the two values ob 
lined foi the distance of the summits 7fi 79 milhms , \\c find 

nd if fiom the second losult, 77 02 millims , wc find 

01 millims 

it 

I hose two tlcvfttions tvulenlly diflbi but little fiom 0 il 
iillims, the nltituclc clptliiccd liom thcoiy (§40) , in Iht, fliet 
asc the clilTdctuc docs not ninoimt lo tin 
us tliLOictienl value, and in the set-ond it haidly cxcoods 
^gdtlis llicse dilleicnois undoubtedly niiae bom slight ic 
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mains of heterogeneity in the liquids^ it la probable that in the 
fiiat case neithei of the two liquids was absolutely homogeneous^ 
and that the two contiavy effects which thence lesnltccl (§ 41) 
paitly neutralized each otbei, whilst m the second case, the 
alcoholic liquid being lendeied peifectly homogencouSj the effect 
of the slight heteiogeii®ty of the oil exerted its full influence. 
However this may bc;, these diffei cnees in each case me so small, 
that we may consider expeiiment as m accordance with theory, 
of v^hlch it evidently piesents a veiy lemarkable con iii in at ion. 

43. Mathematically consideied^ a cylmdiical surface extencl» 
indefinitely in the duection of the axis of revolution, Ilencc it 
follows that the cylinder included between the two iings consti- 
tutes one portion only of the complete figuic of equilibrium » 
Hence also if the liquid mass weie ficc, it could not assume the 
cylindiical foim as the figuie of equdibiium; foi the volume of 
this mass being limited, it would be necessary that the cylinder 
should be teimmated on both sides by poitions of the surface 
piesenting othei cuivatuies, which would not admit of the law 
of continuity But this' lieteiogcneity of curvature, which is 
impossible when the mass is fice, becomes realizable, ns our 
expeuments show, thiough the medium of solid lings, As each 
ot these lenders the curvatmes of the poitions of the suifacc 
lesting upon it (§20) independent of each othei, the siufnce 
compiised between the two rings may then be of cyliiidiirnl 
curvature, whilst the two bases of the figure may present spUc- 
iical curvatures We therefoie aiuve at the veiy remarkable 
result, that with a liquid mass of a limited volume we niny ob- 
tain isolated poitions of figuies of equilibrium, wdiich la their 
complete state would be extended indefinite! v, 

44 With the view of obtaining a cyhndei m which the pro- 
poihon between the height and the dmmetei was still greater 
than that m % 23, T replaced the ungs previously employed by 
two otheis, the diametei of which was only 2 cenlims. I flryt 
tiled to make a cylmdei 6 centims. m height, i, e the height ot 
which was tin ice the diametei , and m this operation I adopted 
a s igily diffeient process fiom that ol paragiapli 38. Tl\i^ 

accurately 

e.tah] shed, I fixst pve the mass of oil a somewhat larger volume 
than hat winch the cyhndei would contam, lavin| then at! 

It was at a distance ot G ccntims. fiom the other j this 
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distance Mismeasuied by a scale intioduccd into the vessel 
and kept in a veilical position by the side of the liquid h^uie 
In eonscqutjnce of the excess of oil, the meudioniil line of the 
figme was convex extern illy, nnd as theie vas still a slight 
diflcicnce between the densities, this convexity was not symme 
tiical in legaul to the ti^o iings I couected this iiicgnlaiity 
by successive additions of inuc alcohol and oleoiiol of If , uu 
opciation which loquiics gieiit cueuinspijiption and towaids the 
end of which these liquids could only be added in single diops 
I he figine being at last pci feed) symmctucnl, I an dully ic 
moved the excess of oil by applyin^^ the point of the syiingi to 
a point at the cquatoi of tlic mass, uul ui tins inannei I obtained 
a peifect cylmdei Subsequently, aftei having added some oil 
to the mass I inci eased the distance between the iin^^s until it 
was equal to 8 centima, ^ ^ to foui times tbeu diamelei Ihe 
oil was in sufficient quantity to allow of the nioudional Imc of 
the figme being convex cxicmally, but the cui vatm c was not 
pcifeotly symmctiical, and I cncountei cd still gieatei difficulties 
in legulating it than in th pieccdingcase 1 he delect in the aym 
mctiy being ultimately collected the raeiidional convexity jne 
sontcdaveisedsmcofabout Imitlims (fig 25) I theiiinoeccded 
to the 1 emoval of the excess of oil , but befoi e the i ci sed sine w us 
1 educed to 2 inilhms , the figuie appealed to have a lendcucy to 
become tlini at its lowei paitand to swell out at the uppci pint, 
as if the oil had suddenly become sli^^htly uici cased in density 
At this moment I wiUubew the syimgc, so as to be enabled to 
obsenc the efieeb lu question bettei the change m foim then 
became rnoic and moic pioiiounced the lowei pint of tin hguic 
soon piesenled a tiuc sluuigulation, tlie ncci of whidi was 
situated noaily at a foiuih pai t of the disUmee belwi tn the lings 
(fig 26), the consliicled poition eonUnued to naiiow gui 
dually, wliilst the uppei pmt of the figme became swollen, 
finally, the liquid sepniatcd into two unequal masses, which le 
mamed icspecUvcly adhcieni to the two iings the uppei mass 
foimed a complete splicie, nnd the lowei matis a doubly convex 
lens llic whole of these phanomemi lasted a vciy slioit time 
onl} 

With anew ^ dcieimine wliethci any pai ticulax cause had 
in icality pioduced the alteialion of the densities, I aiipioximutcd 
the lings, then, aflci having icinuted the two hqmd massea, I 
again caicfullj laiscd the uppei ring, censing at the height of 
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?7 centinis ^so that the veised sine of the meiidionftl convexity ag 
slightly giedtei than when this was 8 centims figuie was 

then found to be peifcctly symmetucal, and it did not exhibit 
any tendency to defoimity, whence it follows that the unifoimily 
in the densities had not oxpeiicnced any appiecitxblc altciation 
I recommenced, with still moic caie, the cxpeiiixiGnt with that 
figuie which was 8 centims in height, and I was enabled to 
appioach the cyliudru^l foim still moic ncaily, but btfoiG it 
wis attained, the same phoenomena again piesentcd Ihcinselves^ 
except that the alteiation in foim was effected in an mvcilccl 


manneij t e the flguie became naiiow at the uppei pait nrid 
dilated at the base, so thataftci the sepaiation into two massGSj 
the pel feet spheie existed in the lower img and the Iona in the 
uppei ling On subsequently uniting, as befoic, ilic two masso^?, 
and placing the iings at a distance of ceniims apaiLj llic 
glue was again obtained m a legulai and pciuianent ioim 
thus when we tiy to obtain between two solid lings a liquul 
cilmdei the height of ^^hlch is foui times the diamotoi, the 
figiiie always bieaks up spontaneously, without any iiipaicut 
cause, even before it has attained the exactly cylindiical foim 
JNon as the cyhndei is necessanly a figme of equilibiium, wluiL- 
evei may be the piopoition of the height to the diamotci, Me 
must conclude that the equilibnum of a cylmdei the height ot 
which IS foil! timis the diametci is unstable As the slioi U i 
cylindeis which I had obtained did not picsent analogous cfTcds, 
r was ™us so satisfy myself whelliei the cylmdcis vicie i cully 
stable I theiefoie again fomed a cylmdei 6 centnns m hciglii 
nith the same iings, but this, iihen left to itself foi a lull Imlf 
hour, piesented a tiace only of alteration in foim, nnd this I, net 
appeared about a quaitei of an hom aftei the loi .nation of th^ 

cylmde, ,„d d.d not tub.eq„e„fly °t 

it wa^, due to some slight accidental cause 

proportion is less than 3 2nd the f leuson when tins 

the equilibrium of which ’is unstable Uen^th ^ 

d».t „,.o, J, I 
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instability We shall denominate this lattei piopoition thi Imit 
of the stahihty of the cylindu 

15 lliese conclusions ho^^evel me liable to a well founded 
objection Oiu liquid figiiic is complex because its cntiie sm 
f ice IS composed of a cjlmdiical poition and of two poitions 
winch piesent a spbeiical ciuvatiue Now uc cannot utTum 
that these lattei poitions cveit no influence upon Ihcstabilit) oi 
the mstibility of the inlei mediate poilion, and consequently 
upon the value of the piopoition winch constitutes th( lund bt 
tween these two states lo allow of the piecediUj^ cmulnsions 
being iigoiously applicable to the cylindei^ it would be icquisite 
that the figuie should piesent no othei flee suifuce than the 
cylindncal suifacc^ winch is easily maniged by icplacing tlu 
lings by cnine discs I effleted this substitution by employing 
discs of the same duunclei as the pieceding iings, but the lesults 
weie not changed the ejlindci^ fl centiins in heighij w is well 
foimed^ and w as found to be stable , whilst the hguie 8 cciitnns 
in height began to change befoic becoming peifcctly cjlnulueal 
and was lapidly destioycd Ihe final usulL of this destine 
lion did not howevci consisf as in the cuso of the nngs of a 
pci feet spheic and u double convex lens but as ovuhntly 
ought to lm\e been fho case of two unequal poi lions of splieus^ 
lespcctivcly adhcienl to fhe two opposite solid suifuecs llu 
limit of ilu stability of the eyluulei thciefoio Hully lies b( 
tween ] and 1 

Ihe expenments which we have just lolated me veiy delicaU, 
and lequiic some si ill In this, as in all ofhei cases of im asme 
menls, the oil must be allowed to icmain in the alcoholic nu\ 
tmefoi two 01 tlucc dajs, then tlu ptlluU irmstbeicmovul fiom 
it (note lo p f> 27 ) , nfUi wauls, win n Uu mass allei having lx ( n 
again inlioduced into the vessel, has been atiuilud lo Uu two 
solid discs, some iniu must be allowed to elapse in ouhi that 
the two liquids may bo exactly at the same tcinpciatuic, moic 
ovci, it must be undcistood that the cxpeiimeuls nlunild In 
made in an apaitnienf Uu tempeiafuie of which lemuiim ns con 
stant as possible Lastly, it is scuicoly neeossmy to add, that 
when the alcoholic liquid is mixed, altei luumg add<d small 
quantities of piuc alcohol oi alcohol at 10 , the movements of 
tho spatula shoiild be vciy slow, so m lo avoid the commumea 
tiou of too much agitation to the mass of oil , wc aio oven some 
times compelled momontauly to dopicss ilic uppoi disc, so as to 
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fiive greater stability to tbe mass^ and thus to prevent the move-^ 
menla in quoation fiom pioducing the disunion. 

^ 46* It might be askedj whether the want of aymmctiy, which 
IS constantly seen, m the spontaneous modification of the above 
unstable figures^ is the result of a law \ihich goveins these 
ngures , ov whether it simply aiises^ as we should be led to be- 
hove at flist aightj from impei ceptible diifcrences still existing 
between the densities of the two liquids, which diffeiences acting 
upon unstable figmes might pioduce this want of symmctiy, 
notwithstanding then extiencic minuteness. 

After having concluded the pieceding experiments, I imagined 
that to solve the question m point, all that would be icquisite 
vvould be to axrange matteis so that the axis of the figiue, in- 
stead of being vortical, as in the above expeiimcnts, should have 
n hoii/5ontal dnection. In fact, in the latter case, the slightest 
difTeiencc between the densities ought to have the cficct of 
slightly cuivmg the figure, but evidently cannot give the liC|Uid 
any tendency to move in greater quantity towai da one extremity 
of the figure than the otliei , whence it follows, that, if the spoil- 
f aneoiis altciation of the figure still oecurs unsymmetiically, this 
can only be ow ing to a peculiar law. 

On the other hand, if the figuio leally tends of itself to change 
its form imsymmetrically, it is clear, that, in the case of the ver- 
tical position of the axis, the effect of a tiace of difieienee be- 
tween the densities ought to concur with that of the instability, 
and tlius to accelerate the moment at which the figure com- 
mences to alter spontaneously# Consequently, on avoiding thia 
extraneous cause by the horizontal direction of the axis of ilic 
figure, we may hope to appioximatc moie neaily to the cylin- 
drical form, or even to attain it exactly^ we can moreover un- 
derstand, that the difficulty m the opeiations will be found 
to be consideiably diminished. 

^ I therefore constructed a solid system, presenting two vortical 
discs of the same diametei, placed parallel with each other, at 
the same height, and opposite each other. Each of these discs 
IS supported by an non wne fixed normally to its centre, then 
bent vertically dovvnwaids, and the lower extremities of these 
two Wires are attached to a houzontal axis furnished with four 
small feet. This system is represented in perspective in fig, 27» 
The diamctei of the discs is 30 miUims., but the distance which 
separates them la not four times tins diameter. I thought Uml 
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'by appioxim^tin^ the figuie moic to the limit of stability, the 
opciations would lequiic still less tioublc the distance in 
question is only 108 millims , so that the i elation between the 
length and the diainctei ot the liquid cyluidei which would ex 
tend between the two discs, would be equal to 3 6 

We shall now detail the icsults obtained by the employment 
of this system In the fiiat place the opciations weic much 
moie easily pcifoimod'* In the second place, the figuie still 
had a tendency to dcfoimiiy befoie it had been icndcicd pci 
fectly cylmclncil but this tendency always exhibited itsclt 
unsymmetiically, as in the \citicnl figuics horn which uicum 
stance alone wc might conchulo that the iinsymmctiical natuie 
of the plncnomcnon is not occasioned by a difieicucc between 
the densities of the two liquids In the thud place, by a hllle 
management, I have puisued the expeument luitlui, and sue 
ceeded in foirning an exact cyhndci | Ihis lasted foi a moment, 
it tlien began to be nan owed it one pait ol Us length, becoming 
diluted at the olhci, hi e the veitical ligmcs, and the phteno 
menon of disumou was complclul in the same munnci, givin^^ 
use ultimately to two masses of dUkicnt volumes 
I lepcatcd the expeument se^clal times, and always with the 
same icsults, cxcojit that the sepu alien oceuucd sometimes on 
one, sometimes on the otbei side of the middle of the h n^t\\ of 
the figuie Ilowevci, although the plucnomcnon is pioduoed 
in an unsymmclucal mannei wilhiegaul to the middle oi the 
length of the figuie, whclhci hou/ontnl oi vcilieal, on the con 
tuny thcic is always symmcUy with legaul to tlic axis , m olhei 

* llic two tlisca m this solid ayatom hung pined nt an iinfiimblr distnnoo 
horn caeli othoi U n iiuccsamy in makinp a mass of oil the Uuno ot whicli 
IS not too giont udhcio t) thorn to omiloy im oxtiu pioco (onaiHling rl a 
nng of non wno of tho samo (hninctoi as ino discs appoUod 1 y a btiaight 
wiu. oi tho same metal tho ficc oxUcmity ol winch is held m tho hand by 
moans of this iing tho mass wine)) has b on pievioiiBb altnclud to ono of tin 
discs 13 duuvn out until it is equally atlaohod to the olhci llio ung is llun 
Kinov (I I he laUoi uiii v s a nmall poiliou of Dio mins at tho sinno iimo 
hilt on leaving tho vessol it luivcs thia pouion m tho alcoholic liquid it n 
thon It moved by means of tho syiinge 

t lo efttet this i\\L loilmving piococding mnal ho adojiltd In llio umoval 
of the excess ot oil i ho opciatioii is at hist earned i n with a suUahloiujndity 
niitil the tlgniG begins to allei in fonn tho ond )i llio point of the ayimgo is 
thon duuvn gently alon^ tho iimici pait of Dio mass piocccdmg iiom tho 
lluckcst t ) tho ollidt poi Don llus rIieIiI action is ufiiucni to move a niinnt j 
quantity of oil iowaido llic Inlioi and thus to ic csinhlish tho sunnioti; ol tho 
iigmc a now al)Soi]>tioii is thon made tho fiLUio a am lognlntod and thoso 
pioooodings uio ountmuod iintd the oxaady cylindnoal toim is attained 
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words, tlu’oughout the duiation of the phajiiomcnoH the figuie"^ 
lemaina constantly a figuic of levolution. We may add heie^ 
that in the horizontal figure the respective lengths of the ron- 
stneted and dilated poitions appear to be equal; wc shall show^ 

111 the following senes, that this equality is rigorously exact, at 
least at the commencement of the phenomenon 

It IS now evident that the alteidtion in the form of these 
cylindeia is leally the lesult of a propeity which is inherent In 
them. We shall heieafter deduce this propeity as a ncccssaiy 
consequence of the laws which govern a more general pheno- 
menon. 

It moieover lesults from the above experiment, that the pio- 
poition 3 6 IS still gi eater than the limit of stability, so that the 
exact value of the latter must lie between the numbers 3 and 
3 6. It IS obvious that this method of experiment might bo 
employed to obtain a closely approximative dctci minaiion of 
the value in question, I pioposc doing this hereafter, and I 
shall give an account of the lesult in the following sciics, when 
I shall have to return to the question of the limit of stability of 
the cylinder 

47 In the unstable cylinders which wc have just formed, the 
I pioportion of the length to the diameter was inconsiderable ; but 

what would be the case if we were to obtain cylinders of gicat 
length lelativcly to then diameter? Now under ceitam circum- 
stances, flgmes of tins kind, moie or less exactly cyllnducal, may 
be leahzed, and we shall proceed to see what the icsults of the 
spontaneous rupture of equilibrium are. 

A fact which I described in paragraph 20 of the picccding ^ 
memoir, and which I shall now dcscube more ni detail, alTnicls 
I us the means of obtaining a cylinder of this kind, and of ob- 

I serving its spontaneous desti action. When some oil is intro-* 

I , duced by means of a small funnel into an alcoholic mlxlui e con- 

] j taming a slight excess of alcohol, and the oil is pouied m sufPi- 

j ! ciently quick to keep the funnel full, the liquid forms, between 

^ 1 l^he point of the funnel and the bottom of the vessel where the 

J n^ass collects, a long tiain, the diameter of which continues to 

^ i inciease slightly fiom the upper to the lovici part, so as to form 

ij , ^ of very elongated cone, which 'does not diflci much from 

\ a cylmdei * This neaily cylmdiical figure, the height of which 

♦ Tins sijgbt inciense in diameter depends upon the lotaulatiou which tho 
} j resistance of the suuounding liquid occasions in the movcinont ol the oih 
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Xs cousidciable m piopoition to the cliamotci lemains Miiliout 
viJidci going any pciceptiblc iltciatiou so long as the oil of which 
xt consists has sulRcient lapidity of tianafciencc but \^hen the 
Oil IS no longei pom cd into the funnel and conscqiu ntly the 
ixiotion of tianafeience is ictaidcd^ the c^hndci is soon seen to 
xesolve itself lapidly into a sciie oi spheies which nu pd 
fectly equal in diimetei, equally chstiibutcd, aid with then 
centies niangcd upon the light hue loimmg the axis of tlic 
cyhudei 

To obtain peifcct success the elements of the expciimcnt 
lahould be m ceitam piopoi lions Ihe oiihcc of the funnel 
Avlnoh I used was about 3 imllims in dianielei and 11 eentims 
in height It icsied upon the ncek of a hu^^e hoi tie eonlaniing 
the dcoholic mixUuej and its ouhee was ])lunged a few inilh 
iiicties only beneath tin suilaee ol tiic liquid Lastly, the leiitjUi 
of tlic eylmdci of oil, oi the distance between tlie oiifiee ind 
thelowei mass, was neailj 20 ecntims Undci these cncum 
sHuccs tluee spheics wcie eonslanlly loaned, the iippei oi 
x^luch lemained adhticnl to the point ol the luimel th( lattei 
was thcietoie incomphle VVt may add, lliat the excess of 
nlcohol coniaintd in the mixtuic should iieithei be too gicul noi 
too small, the piopci quantity is lound by means of i lew jnc 
hminaiy tiials 

18 ihe constancj and icgulauty ol the Ksult of this cxpia 
incnt complete then Ihc piool that ihe pli enonieua to winch the 
spontaneous luptuie of equihhuum oi ui unstable liquid eyhndd 
gives use, aio goveuied by dctcimmaU hws 

In this same expciiment, ihe tiansloimution disues too 
lapidly to allow of its phases bein^ w( ll obsei V( d , but tin pin 
nomcna piesented to us by Ini^ci and hss iloUj^aUd (>hndeis, 
h e the foimation of a dilululion and eonstncLion m juxtaposition, 
and cqinl oi neaily so in length the giudmil meuast in thick 
ness of the dilated poition and the siinuUantous nuuowing of 
the constucted poition, &c , autlioii^e us 1o conclude that in the 
ease of acjhndei the length of wliicli is (oiisuleiable in piopoi 
tion to the diametei, the following oidei oi tilings takes place — 
Ihc figuie becomes at fiist eo modified as to piesuii a iCj^uhu 
and umtoxm succession of dilated poitions, scpaiated by con 
etucled poitions of the same length as the foimei, oi neaily so 
fins altciation, the indications of which aie \eiy slight, gn 
dually becomes moic and moic maikcd, the consiucted poitions 

VOL V 1 ART \xi 2 X 
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gradually becoming naiiwei, wlulst the dilated poi Lions incvenac 
xn thickness, the figure icmammg a figure of icvolution ; at hist 
the constrictions bieak, and each of the various parts of the 
figuie, xvhich are thus completely isolated fiom each other, 
acquire the spherical form. We must add, that the termiiialioii 
of the phasnomeuon is accompanied by a remarkable peculiarity, 
of winch we have not yet spoken , but as it only constitutes, so 
to spoak, an accessory poition of the gcncial plucnomcnoii, w(' 
shall tiansfer the descuption of it to a subsequent pait of this 
memon (see § 62), 

49, It might be asked, why, in the experiment which we liavo 
last descubed, the eyhndci is only leaolved into sphcics w\\m 
the rapidity of the liansfeience o( liquid of which it is couxposecl 
IS diminished. In lact, we cannot understand how a motion of 
tiansfeience could give stability to a liquid figure wduclx in ti 
state of lepose was unstable, In cxplaunng this apparent pecu- 
liaiity, we must leinaik, that, as the spontuncoua tiansfor million 
of an unstable cyhndei is effected under the action of continued 
foicea, the lapidity ivith which the phenomenon oocuir ouglil 
to be acceleiatcd , this may be, moicover, easily verified m exjic- 
umentsi elating tolaigei and less elongated cyhndorss this Btuiu* 
lapidity ought thcretoie always to be veiy minute at the ooiU'* 
mencemont of the pliccnomenon. Now% in the case in questuiii, 
as the changes in figuie occur in the liquid ot tlie eylmdcr whilst 
this liquid IS animated by a movement of iransfeioiice, it is evi*- 
dent, fiom xvhat we have stated, that if this movement of timm- 
feience is sufficiently rapid, the changes of form could only a<*- 
quue a veiy slightly-maikecl development duung tlic passage of 
the point of the funnel to the mass accumulated at the liottoui 
of the vessel 5 so that, the liquid being continually iGixowcd, 
theie will be no time for any alteration in form to becoiirxc very 
peiceptible to the eye Hence, so long as the xapuhty of Ihv 
flow IS Sufficiently gieat, the liquid figuic will apjicar to loluiii 
its almost cylin ducal foim, although its Icngtli is eonsidci siblc iu 
compaiison with its diametei , On the other hand, w hen the veil 
city of the tiansferencc is sufficiently small, ihci c will be Unio lor 
the altciations m foim to take place in a perfect manixov, mid 
we shall be able to see the cylinder resolve itself unto spheroH 
thioughout the wffiole of its length, 

50. We shall now desciibe another method of experimcntiijir* 
which allows us to obseivc the result of the tr an sfoi motion undor 
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less lestiained and raoie legulai conditions m some lespecta 
tlnii those of the picceding c\peiimcnt and ^^hlch \mI| moie 
ovei lead us to nen consequences i\H icguds the Ims ol the 
phnenomcnon Wc shill fiist sucuncily dcscubc the appuatus 
and the opaaiious and uftuwaids add the mccssaiy dctuls 
The piincipal paits of which the appaiatus consists me — 1st a 
lectangulai plate ol plite glass 2 / (cntima lu length and 20 m 
bicadth 2nd tno stiips ot the same glass, 1 1 cenluns in length 
ind 5-6 milhins in tlucl ness peifcelly picpucd and polished 
at the edges 3ul two ends of coppei about 1 inillun m 
thiel ness and 5 centims in length these niies should he pci 
feclly stiai^ht and one cxtiemity ol each of them should b( cut 
veiy acGuiatcly then cm chilly undtjUmaled llu plate boiii^ 
placed hoii/onlullj, the two si ups au laid Hat upon its suifaec 
and pal allel with its lon^ bkUs, so as to leave au inteivalol 
about a cenlimcLie helwecu them, the two coppci uuos aio 
tlicn intioduccd into this, placing thorn m a uglit line in the 
diiectiou of the length of the stupi and ni such a mannei tint 
the amalgamated exliennlies au opposite to, and a lewcenti 
meties distant fiom each othci A. globule of \eiy piiie mei 
emy, fioin 5 to 6 ccniims in diamctci is next placed between 
the same cxiumilus llu two tups of glass aie then ap 
pioximatcd until they touch llu wins, so as only to Icivc bi 
tween them an mUival ecpial in width to the diainetei o( these 
wnes Ihe hi Ik muss of meiemy, being thus compiessed late 
lall), ncecssaiily becomes elongated, ancl extends on bolli sides 
towauls the amalgamated siu faces If it does not leaeh them, 
the wiics me maclc to slide low aids them until eonUut and ad 
hesion aic established Iho wiies aie llu n movnl ni opposite 
clueclions, so as to s(paialo them horn each olhei wliuh again 
pioduccs clung itum ol llu hllU hepud mm and dmunuliim of 
itsveitical dimensioiib By pioeeeding eaulully, and actimi 
panying the opeialion with slij^ht lilows ^i\en wiih llu hngei 
upon the ajipaiatiis to laeililule the movements o( the meieiuy, 
wc succeed m exieiidiug tlie little mass until lin vciUtal tine I ness 
13 cveiywhue equal to its hoii/outal iliiel ness, ^ ( lo tliat ol 
the coppci wnes Ihus the mcieuiy luims a liquiil wiio of tlio 
same duunetei>aa iho solid wins to whieli it is attiuhed, and 
fiom 8 to 10 centims in length 1 his wiie, eonsieleinig the 
small sue of Us duimctci, which iciideis the aelion of giiiMlation 
insensible m compauaon with that of moleculai at! j aelion, may 

0 \ o 



()40 PLATEAU ON THE PIIj^ENOMENA OP A PllEE LICIUIH 

be consicleied exactly cylindi ical , so tliai in iliH nmuner we 
obtain a liquid cylinder, the length of nhich is ftom 80 to ICO 
times itj^ diameter, and attached by its extremities to solid parts, 
which cylinder pieseives its form so long asiticmains impii- 
soned' between the stiips of glass AV eights are ne\t ])lacrcl 
upon the parts of the two coppei wires which piojcct beyond 
the exti cmities of the bands, so as to maintain these wires lU 
firm positions, lastly, by means which shall point out pio- 
sently, the two stiips of glass are laised vertically. At Uie samo 
instant, the liquid cylindei, being liberated from its sliacklos^ 
becomes tiansfoimed into a nuincious scucs of isolated spheres, 
arianged in a straight line m the dii action of the cylnidci fioni 
which they oiigmated* Oidinaiily Ihe regularity ol the sysieni 
of spheies thus obtained is not pcifcct ; the splines piescnt dil- 
feiencos in their lespcctive diameteis and in the distances uliioh 
sepaiatc them; this undoubtedly arises fiom slight aecidtniUiI 
causes, dependent upon the method of O 2 )eiation; but the dif- 
fei cnees arc sometimes so small, that the regularity may be oon- 
sideied as peifect As rcgaids the numbci of splines coi re- 
sponding to a cylinder of dcteiminatc Icngih, it vmicsin dil^ 
feient experiments, but these vaiiations, which arc also due tu 
slight accidental causes, aic compiised within very small him Is, 

61. Let us now complete the desciiption of the uppauiluw, 
iind add some details legaiding the opciations. As the jilale of 
glass lequues to be placed in a jicrfecily horizontal position, it 
IS suppoited foi this puriioso upon four foot with acrcvis. A 
small tiansveise ship of thm papei is glued to each of the cx- 
tiemities of the lowei suiface of the strips of glass, in such ii 
raniinei that the ships of glass resting upon the plaie through 
the medium of these small pieces of paper, then lower surface m 
not in contact with the suiface of the plate, Witliout tins precau- 
tion, the stnps of glass might contract a ccitain adhesion to the 
plate, which ^^ould inhoduce an ohataclc when the stupa urc 
raised vertically. Moicovei, the latter aic furniRhed, on their 
uppei surface and at a distance of 6 millims. from each of their 
extiemihes, mth a small scicw placed veitically in tlic glass Uh 
the point up^aids, fiimly fixed to it with mastic, and rising 
8 milhms. above its surface. These four screws erre foi the juir- 

» We may remaik, that the conveuioH of a inotnliic wno into globules bv 
ine ekctric clisohnige, must nndoubtc^ly be lefeued to Ibc Biimo older cjf 
pb®nomena 
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pose of 1 C( Giving the nuts uhich h\ the ships to the system by 
means of Mhich they lue elevated this system is m ule of non 
it consi'^ts, in the fiist place of tuo lectangulai plate nulhms 
m length 12 in bieadth and 3 in tluel ness 1 aeh of them is 
pieiced^ peipenclieulaily to its laige siufiues, hy two holes, so 
situated, that on plaeiii^ each of tlicsc plates tiaiisveisely upon 
the e\tiemities of the two ships of glass the sneus uith uhich 
the lattei aic Im rushed fit into these foui holes ilu sciews 
being long enough to piojeel d)ove the holes, nuts may then be 
adapted to them, so tint on sei owing tlum the ^hips of glass 
become fixed in in iu\ amble position with legaid to each oihei 
ihc holes aic of an elongated loim in Uk diuction ol tin len^^th 
of the noil plates , hence aftei hiving loosened the nuts the 
distance between the two stups of glass may be iiiei cased oi 
chmmishcd wiihout the necessity of lemovui^ the plates A vci 
heal axis, u cciihms m height is nuplniitccl 'upon the middle ol 
the iippei siiifuce of each ol the phtes and the uppei (xlituu 
ties of these two axes aic coiuuclecl by u hoii/oiitid axis, at Ihc 
middle of w Inch a thud vei heal axis comnu iices this is duec ted 
iipw uds, and is 15 eenhms m length llie section ol the lattei 
axis IS squaic, and it is o millims in tluil ness When the nuts 
aie SOI owed up it is evident that the ships of glass the non 
plates and the kind of foik which comuds them, eonshlute an 
inNaiuible system Ihe long veilu al axis scivcs to duec I the 
movement of this sjstem, with this vuw, it pisses with v<iy 
slight fuehon tlumigh an apeihue of the same scehon as ilscll, 
and 5 cciihms m length, pieieed m a puce which is fixed veiy 
fiimly by a siuluble suppoil 10 eenhms above (he plate of glass 
lastly, the peifoiated piece is piovuhd litiinlly with a thumb 
scicwj which allows ihe axis to be seitwed into the tube lly 
this ail angeme lit, if all pails of the appauitus have bee u euie 
fully himhed, when oiieo the little nutj hu\e been stiewed uj), 
the two stups of glass (an only move simultaneously m a 
paiallel duecUon to each othei, and always Hlcnlually m 
the same dll cehon peipendicnhu to the plate of glass A\Mun 
the licpiid cylmdei is well ionned and the weights me placed 
upon the fiec poihons of the coppei wins the lingti m passed 
uudci the hoi feontal blanch of the loik, and the mo\cable system 
IS raised to a suitable distance abo\e the plate of glass, it m 
then mnmtauicd at tins height by means ol the thumb seiew 
so as to allow the icsull of the tianslonnaium ol ilu tylmdci 
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to be obseived. As the amalgamation of the copper wiies 
always extends slightly upon then convex surface^ the latfei 
IS coated with vainish^ so that the amalgamation only occiuh 
upon the small plane section. It would bo almost impossible* 
to judge by simple inspection of the exact point at which the 
sepaiation of the coppci wiies flora each othci^ to allow of the 
liquid attaining a cyliiuhical foira^ should be discontinued To 
avoid this difficulty, the length of the cylinder i>s given before- 
hand, and this length is maikecl by two faint scialches upon 
the lateial suiface of one of the ships of glass; the weight of 
the globule of mercuiy, which is to foim a cylinder of tins 
cliametei and of the length lequired, is then determined by cal- 
culation flora the knoun diamelei of the wire ; lastly^ by meana 
of a delicate balance, the globule io be used m the experiment 
is made exactly of this weight All that then leinains to be 
done, IS to extend the little muss until the cxiicmiticH ot tlio 
coppei wii Gs between which it is included have i cached the mui 
traced upon the glass Lastly, m making a sciies of cxpcii- 
ments, the same mciouiy may be used scveial times if the iso- 
lated spheres are united into a single mass at the end o{ each 
obseivation Howevei, aftei a ceitam number of expeinnonts, 
the mercuiy appears to lose its fluidity, and the ninss always 
becomes disunited at some point, m spite of all jiossilalo jirccuu- 
tions, befoie it has become extended to the dcsiTOd length, 
which phaenomena aiise from the solid wires imparting a sumll 
quantity of coppei to the racxcury. The lattci must then bo 
removed, the plates of glass and the strips cleaned, and a now 
globule taken The amalgamation of the wiies also fiomcUiuctfi 
requiies to be lenewed 


52 By means of the above apparatus and methods, I have 
made a senes of expeumenls upon the tiansfornmtion of tlie 
cylinders ; but before i elating the lesults, it is requisite foi Iholv 
interpietation that we should examine the phenomenon a little 
more closely 


Let us imagine a liquid cylinder of considerable IcngLli in pio. 
poition to Its diametei, and attached by its e\ticimtic8 to two 
sohd bases , let us suppose that it is effecting its transtormntiou, 
and let us coiisidei the figuie at n peiiod of th#phncnomcnon 
anteiioi to the sepaiation of the masses, t. e. when this agiirc m 
d* atations alternating with constrictions. Aa 
the suifttcesof the dilatiitions pioject extcinally fiom the punnlivo 
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^ cylindncal siuface and those o( the t onelnctioiis on the contiaiy 
aic inleinal to this same siufacc urn mia^iuc in the h^iue a 
senes of phue sections peipeudieulu to the axis and lU having 
a diamelci equal to that of the cylindci these sections will evi 
dently constitute the limits which sepuale the dil ited liom the 
constucted poilionsj so that each poition whcUici eonstiietcd 
01 dilated will be teiminatcd hj two ol tlnm moioovd^ us tht 
two solid bases aie ntecssuiily pait of the sections m question 
each of these bases should occupy the \ciy extienuty ot a ion 
stiicted 01 dilated poi tion 1 lus beiuf^ gi anted, ihu e I13 potlu ses 
pieseut themselves in icgud to these two poitions of the iigiue 
% e to tliose which icst icspcctivcly upon each of the solid bases 
In the hist place we may suppose that both of the poitions aic 
e\pnndcd In this case, each of ilie eonstiictions will tuuisfci 
the liquid winch it loses to the iw 0 dilatations immediately ad 
jacent to it, the movements of tianspoil of the liquid will take 
place m the sunn mannii ihioughout ilic whole extent of the 
figiuc, and the tuinsioimalion will ial e place with peihct icgu 
lauty, giving use to isolated sphcies exactly equal in duimctci, 
and at equal distances apail Ihis iLj^uluiily will not how evil 
extend to the two cxtieme dilatations, foi as each of these is 
tciminatcd on out side by a solid smfuee, it will only leceive 
liquid fiom the conBiuelion which is situated on the othei aide 
andwiUthciefoicaequnc less development than tlu mteimediale 
dilatations Undei these cuciunstaiKefl, tlun, altei th( teimi 
nation of the phoenoiucnon we ought to had two poitions of 
spheics icspcctively adheient to iw 0 solid bast % i ach pi esc nling 
a slightly less diamclei than that of the isolate d spheu s aiian^c cl 
between them 

In the second place, wc may admit that the iciminul pm lions 
of the figuic aic, one a constiic lion and tlu otlui a dilulalam 
I he liquid lost by the hist, not bcin^ then able to iuiveisc the 
solid base, will ncccsBaiily all bo diiven into the adjacent diluta 
tion so that, as tlic laltei icecives alt the liquid nccessaiy to its 
development on one side only, it will leccive none fioin the op 
posilc side, consequently all the lupudloit by the second cun 
stuctiou will flow in the same nianmi into the second chlulation, 
and so on to the last dilatation Ulie diHlulmUon of tlie 
movements of iumspoit will theictoie still be icgulai thioughout 
the figiuc, and the tumsfoimution will eiiHiie in a pcileelly 
legulai maunci Hus icgulauty will evidently extend even to 
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the two terminal poitions^ at least so long as the constnction^i 
have not attained their gieatest depth, but beyond that jicmit 
this ^Ylll not exactly be the case, foi independence being tlicn 
established between the masses, each of the dilatations^ excepting 
that winch lests upon the solid base, will enlaigc simultaneously 
on both sides, so as to pass into the condition of the isolated 
spheie, by appi opriating to itself the two adjacent scnu^conati 
tions, whilst the extieme dilatation can only enlaige on one mU\ 
Consequently, after the teimination of the phtunoinonon, wo 
should find, at one of the solid bases, a poition of H splicrc <iif 
but little less diameter than that of the isolated spheres, mul at 
the othei base a much smaller portion of a sphcie, arising fioiu 
the semi-constnction which has remained attached to it. 

Lastly, in the thud place, let us suppose that the tcnninal jior- 
tions of the figuie weie both constuchons, m which case, nltei 
the teimmation of the phmiiomenon, a poUioii of a aphoie eipuil 
to the smallest of the two above would bo left to each <d the Holitl 
bases. In this case, to be moic definite, let us stai t iVom one of 
these terminal conatiictions, foi instance that of the left. All L1 k‘ 
liquid lost by this fiist constriction being driven into the ccmli- 
guoua dilatation, and being sufficient for its devcIopincuL, lot ns 
admit that all the liquid lost by the second constiiction alsii 
passes into the second dilatation, and so on, then all the (liliUu- 
tions, excepting the last on the light, will simply accpuio Ilnur 
noimal development; but the light dilatation, which, like caeli 
of tlie othcis, leceivea fiom that pait of the constuclion wdiieli 
precedes it the quantity of liquid necessary for its devolopnn'nl, 
receives in addition the same quantity of liquid fioin tluU jnu’t 
of the constriction which is applied to the adjacent solid, so tlmt 
it will be moie voluminous than the otheis. Ilcncc it is cviclcnl, 
in the case in point, that the opposed actions of the Iw o tcrininul 
constrictions intioduce an excess of liquid into the lost of I ho 
figuie. Now, whatevei othei hypothesis may be made x’osppcliup; 
the distribution of the movements of tiansport, it must ulwuyH 
happen, eithei that the excess of volume is snuiiltancoLUbly di8l i i« 
buted ovei all the dilatations, or that it only auginents tho 
dimensions of one or two of them ; but the former of these «np^ 
positions is evidently inadmissible, on account offl'thc complicu- 
tion which it would lequire in the movements of tuuisporf ; 
hence we must admit the second, and then the isolated sphorc^a 
will not all be equal. Thus this third mode of tiansformatioii 
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oulct necessaiily of itself mdiuc a cause ol uic^ulaiity and 
loicovci it uoiilcl not allow of a iimfoim chstiilmtion of the 
lo^ements of tianspoit^ bcciuse thuc \aouI(1 hi opposition m 
rgaid to these movements at least in the teiminal eoustiu tions 
It may tlieiefoie be i cgauled as vciy piobabU that the ti msloi 
lalion tal es place accoicliiit, to one oi the othei of thetuo (nst 
lethods and nevci iccouhug to the thud i i that things wiW 
e so aiHinged that the hgiiic \ihieli is liansfoinud ma} lone 
)i its teiminul poi tions eithci two ddutalions oi one tonslin 
on anclonedilatation^but not two eonsliu tions In llie lonnei 
ise as we havi setn the nnmimnt of tlu liquid oi all tiu (on 
uctions Mould ensue on both suhs simultam ously and m tlu 
eond (Ins movement M ould mtin in all in om and tlu sanu 
ucchon If this is ically the natuial luanv^tnunl ol tlu pha 
omenoii) wl cm also niuh island hou it will lu picsinid 
m\ wUqw it is distmbed in its lej^uluufy by slight txlnuuous 
uiscs Now tlusj as wc shall sec^ is eonilimtd Iiy tlu (Xpeii 
icnls lelatiug to tlu incieniud cvhnihi altlumgli tlu tians 
niTUitum of this cylnuhi has laiely juhUd a piilei tlj ugulni 
)^stem of spheusj I have found in tlu gnat majoiity of Iho u 
alts, (itliei that each of tlu solid bases was (Udipiid by a mass 
tile 1( ss in dianu tei than the isolated spluns, in that oiu ol 
ic bases was occupud bj a mass of this 1 iml and flu olliii by 
much smallci muss 

61 loi the sal e of huvity, Ut us ddioinnialc divtmn^ o( llu 
yhntlei those poi lions ol llu hgou lacliol whuh ImnisluHa 
pheie, whclliei w( (onsulei tlusi jioilions in llu nunginalion 
s in the (yhndei itself, lufou tlu (oinnu lu dm nt o( llu Iiuuh 
nmation, Ol wlullui W( tal ( tlu m duun^ llu ai (onqildlnm nl 
f the phenomenon, ? t dining tlu nuidifu ulion wimh tluy 
luleifjO in anning at tlu Hplieiual loiin llu liuglh of a di\i 
ion IS cvuhnlly that diBiaiid winch, dining llu tianHionimtioii, 
j compnsed betwcdi the luelw of two adjadiit ( ouHliKiionH, 
onse(picntly il is dpial to tlu mm of llu Unglhs of a dilulalion 
ncl two semi eonstiielioim I el nn tluulou kc how tfu hnglh 
1 question,? t that ol a division, may lu (Idhudl lioiu llu 
Dsultol an expeinneiil J elUH HiqipoHi llu liaiiHlounation Ui lu 
ciicetly legiihw, and let \ be Uu lenglli ol a dnimon, / that of 
lie cjlindei, and n the numbei ol isolatul s))hdcs found alUi 
lie Uimmaiion ol llic pluinonunon I aih ol IIkhc HpluniH 
eing fiumshed bj a eonipUU divmion, ami eadi oi Ihe two lei 
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mmal masses by pait of a division, the length / will consist of n 
times X, plus two fi actions of X, To estimate the values nl 
these fi actions, we must lecollect that the length ol a consUic- 
tion IS exactly or appaiently equal to that of a dilatation ; 

now, in the fiist of the two noimal cases (§ 52), u e* vheu the 
masses remaining adheient to the bases aftci the tciniuui"^ 
tion of the phsenomenon aic both ol the huge kind, each of 
them evidently aiises fiom a dilatation plus half a constriction, 
theiefore tluee-fouiths of a division, the sum of the lengths 
of the two poitions of the cylinder which have liiinmlicd these 
masses is thei’cfore equal to once and a half X, and we shall have 

m this case /=(?i4*1.5)X, whence X ^ | ^ - j; In the second 

case, ^ e, when the teiminal masses consist of one of tlic largo 
and the othei of the small kind, the latici arises from a semi- 
constiiction, oi a fouith of a division, so that the sum of the 
lengths of the poitions of the cylinder concsponding to those 

two masses is equal to X, consequently we sliall have X=: 

As the lespective denominatois of these two cxiiiossions ro- 
piesent the numbei of divisions contained m the total longtli of 
the cylinder, it follow's that this number null ahvnys be eitlun* 
simply a whole numbei, oi a whole number and a half. On the 
othei hand, as the pliuenomenon is goveincd by dctciminatc 
laws, we can undeistand, that for a cylinder of given diamelor 
composed of a given liquid, and placed nndci given ciiouni- 
stances, there exists a normal length which tlio divisions ten cl 
to assume, and wdiich they ivould iigoiously assume if tlic tolul 
length of the cylinder were infinite* If then it happens llu\\ the 
total length of the cylmdei, although limited, is equal to the 
product of the normal length of the divisions by a w hole number, 
or rather a whole number plus a half, nothing w’lll pi event the 
divisions fiom exactly assuming this normal Icngtli, If, on iho 
othei hand, which is geneially the case, the tolul length of the 
cylindei fulfills neither of the piecedmg conditions, we should 
think that the divisions would assume the nearest possible to t!ic 
noimal length, and then, all other things being equal, the diflbr^ 
ence will evidently be as much less as the divisurns arc mom uu- 
meious, m, m othei words, as the cyhndei is longer* We should 
also believe that the transfoimation would adopt that of tlie Iwo 
methods which IS best adapted to dimmish the difference iii 
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uesiion> and this is also coidiimed b} expciimcnl, as \\c shall 
DC picsonlly Hence allhoiij^li as I ]ia\c ahculy stated the 
i insfoimation of the cyhndei ol mciciu) almost ihiays ensues 
1 one of the tMo noimal methods the icsult is itiicly veiy 
ej^ulai Mcmuattheidoic admit, tint slight aceulenlal distiub 
ng causes in gcncial lendei the divisions foimed in any one c\ 
loiimcnt unequal lu length but then the cvpiessums of X oh 
mned above cvidcntl} ^ivc in each CNipeiiment the mean hngUi 

thest divisions oi in othei sioids, the common length ^vluch 
he divisions ould have tal eu li the tiansfoimation had occm h d 
n a pcifecUy legulai maunoi, givin^ use to the &amc inunbei oi 
sohted sphcies and to the same slate ot the ieimiiial musses 

Lastly, siiue the thud method of tiansfoimation piesents 
tseU t c nice it omeiimcs happens that each of the bases 
s occupied by a mass of the small kind, if Mciiould leave out ol 
onsideiation the pai ticulai cause ol nicgulaiity uihcicnl in this 
incthocl (the pieccding pai ), and find the coiicsponding e\ 
[ncssion ot X, it need only be i email cd th it each of the ici minal 
masses then pioeccds liom a semi constuction oi the loin tli of a 

cliMSion, \ihicli will evidentl) give \c=s ~-L— 

51 1 shall non lehtc the lesuUs of the (xpcinncuts Ilu 
cliamctd ol the eoppei wncs, conscquontlj ol the ejlmdoi, Mas 
1 05 millim I fust gave the (\hndei a length ol 90 millims , 
and lepcated the cxpiuimnl ten times noting altci laeli the 
numbei of isolated sphcies pioduccd and the state of Uie masses 
adhcicut to Ilu bases, I then caldihtcd loi each u suit the 
coiiespomlmg value of iho length ol a divnioig by means ol 
that ol the thue (oimula o( the puccduq pmij^iuph which 
icIciB to this same leault 1 iltciwauls made Un mou (\pcu 
monis, giving Uu cylmdci a length ol 100 millims, ami also 
calculated the eouespondmg vaUiCB oi the length ol a diMsion 
ihe table contains tlic icsults Imiiishcd by these oylmdeis, and 
the values deduced foi the length ol a division I only obtamed a 
peifectly Kgulai usuU in one case in each sencH, I have placed 
an ^ opposite the conesponding numbei of isolated sphcies 
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I ength of tlio cjhmlci 90 mllltms 


Number of 
isolated 
•iliherea 

JIftSBcs adherent to tUo 
bases 

Lonetb 
of a 

division 

Nunilior of 

iKOlftttd 
sphere i 

Menses adherent to tlio 
biHcs 

Lon Bill 
of n 

(li vision 

10 

Two lat gc 

nnllims 

7S6 

11 

Olio Inigo and one small 

millims 

8 33 

^2 

Two Ifiige , 

(J(>7 

U 

Two laige 

() 15 

12 

1 wo small 

720 

u 

Two Inigf 

0 15 

16 

Two laigc 

6 16 

u 

Two Inigc 

6 16 

14 

Two large 

SHt 


One Ifligo and one small 

(\b7 

11 

Tvio laige 

7 20 

13 

One laige and one small 

711 

11 

Two laige , , 

720 

11 

Two laigo M 

8 00 

12 

One Inige and one small 

0 02 

li 

One Inigc and one small 

(J 37 

U 

Two laigo 

021 

13 

Two laigo „ 

(J60 

11 

Two large . 

720 

lU 

Two laige , 

8 61) 


This Table shows, in the first place, that the difiereni values 
obtained foi the length of a division me not so fai removed from 
each other as to prevent oin peiceivuig a constant value, the 
unifoimity of which is only altcied by the influence of slight 
accidental causes, lu the second place, out of twenty c\pcu- 
mentsj it happened once only that the masses adherent to the 
bases were both of the small kind. 

In the thiul place, both the peifectly legular results have 
given identically the same value foi the length of a division ; 
this value, expressed appi oxunativcly to two decimal places, 
IS 6 67 mllhms,, but its exact oxpiession is 6|millims, , for 
the opeiation to be effected consists in the case of the fust 
senes, in the division of 90 nnllims by 13’5, and in the case of 
the second seiies, in the division of 100 millims, by J 5, As the 
two lengths given to the cylindei aie consideiablc in propoition 
to the diametei, and consequently itic numbois of division aic 
tolerably laige, tins value, 6J millims,, ought veiy ncaily, if not 
exactly, to constitute that of the noimal length of the divisions. 
It IS seen, moreovei, that to give the divisions this closely aiiproxi- 
raative or exact value of the normal length, the transfoimation 
has chosen, ni one case the fiiat, m the othei case the second 
method, 

55 Let us puisne oui inquiiy into the laws of the phmno*- 
menon with which we are engaged ^ we shall soon make an im- 
poitant application of them, and it will then be undei stood why 
so extensive a development is given to tins put of our work. 
It might be legaided as evident h jjinori tliat two cylinders 
fmmed of the same liquid and placed in the same circumatiuicea, 
but (liffeiing in diametei, would tend to become divided in the 
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ime mannei, t e ihiit the icspoctue noimal lengths of the 
uisions would be to each othoi in the piopoition of the dia 
leteis of these c^lmdeis 

In oidoi to veil fy this law by expenment, I piocmed some 
oppci nnes^ the dmmctei of ulnch Mas exactly double tint ot 
le hist, Uieiefoie equal to 2 1 millims , and I made nith them 
new seiiGb of ten expeiiments, gi'nig the cjhndci a Un^lh ot 
00 raillims Ihis seues also fii unshed me wilh only a sniffle 
Gifeetly icgulai lesiilt, nlneh X have dtiiolcd as hdoie hj an ^ 
laced opposite the couespondin^ mimbei of isolated sphcies 
'he follo^M^g is the 1 able iclating to this suies 


N 1 f 
i ) t 1 

0 

M ll ll U 1 

i ro 

i 

1 ii 

7 

Two small 

illi 

n n 

0 

i wo Inu^o 

] ) n 

( 

Ori( Ini ICO an 1 one small 

1128 

7 

One lane and ono hinall 

i I2f0 

• 

1 \ In ICO 

' 1 Ml 

0 

two 1ni(c 

: 11 n 

(1 

0> laigo an 1 ono s nail 

■ U 8 

8 

' One hi go an 1 o c suall 

11 ll 

8 

1> ) snail 

11 7( 

0 

0 le Inige at 1 1 no small 

11 H 


By stopping at (he second decimal plnei, wc ha\e a is cm 
ent^ 13 33 inilhms foi the value ul the length of a dnision 
oiiesponding to ihc pcifcetly leguhn Ksultj but as the opcin 
oil nhioh yields it consists in the division ot 100 by 7 0, the 
aluc \^hQn peileeLly expiessedis 1 IJns then is vciy 

eailyj if not exactly the noimal length of the divisions of this 
Qw cylmdci , now this length 13 1 milhms cxaetly twuc the 
mgtlg 6 J millims , which belongs to the divisions ol the ( ylaulc i 
f the pieceding paiagiaph , these two kn^lhs nu thcieloic^ in 
iclj m the piopoiUon to each othei of tlu diamcUis ol tlu two 
yhndeis 

As the peifcctly legnhu losult of the above lable has given a 
lass of the laigei I iml to eaeli base, it tollows that to enable 
1 C divisions ot the eyluidei itaelt to assume tlun noimal hngtb, 
i the ncaiest possible length to tlns^ the tianslounation has 
eccssauly ensued aecoiding to the founoi method whilst m 
igaidto a cylmdei ihc chamctei of which is a hall Icssj and tlic 
)tal length of winch is the samc^ 100 inilluns the tiansfoima 
on ensued accouhng to the eeond method (§ 0 1) 
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Heie alsO; the case in which theie aic two masses of the smafi 
kind to the solid bases is the least fiequent^ although it occurred 
twice* Lastly, the diffeient values of the length of a division 
are more concoidant than in the second sciics i elating to tlie 
first diameter, and consequently sliow the tendency towards a 
constant value better, we also see that the noimal length is that 
which 18 most frequently lepioducccb 

56, Accoiding to the law Avlnch wc have just established, 
when the natuie of the liquid and external ciicinnstances do not 
change, the normal length of the divisions is pioportional to the 
diameter of the cylinder j or in othci woids, the proportion of 
the noimal length of the divialons to the chametei of the cylinder 
is constant. 

As ue have seen, the diameter of the cylinder in paragraph 5d 
was 105 millim., and the noimal length of its divisions was 
veiy little less than 6 67 millims, ^ consequently, when the liquid 
used 18 mcicury and the cylinder icsta upon a plate of glass, 

the value of the constant proportion in question is = 6'35, 

which approximates closely. 

To asceitain whether the natiue of the liquid and external 
oiicumstances cxeit any influence upon this pioportion, we 
shall now determine the value of the latter m the case of a 
cyhndei of oil formed m the alcoholic mixture, which may be 
effected, at least appioximativcly, with the aid of the result of 
the experiment m paragiaph 4/ To simplify the considerations, 
we shall suppose that the tiansformation docs not commence 
until the lapidity of transfeicnce has entirely ceased, The point 
of the funnel, on the one hand, and the section by which the 
imperfect liquid cylmdei is in contact witli tlic mass which 
collects at the bottom of the vessel, on the other hand, may then 
be legal ded as playing the part of the two bases of the figure, 
Now it IS evident that, as legards the second of these bases, the 
last portion of the figure winch is tiansformed should be a con- 
stuction ; for if it constituted a dilatation, there would be discon- 
tinuity of the cuivatui’e at the junction of tho respective siu- 
faces of the lattei and the large mass, winch is inadmissible, 
But the same leason does not apply to the othoi base , and ox- 
pei linen t shows that m this case a dilatation is formed, because 
aftei the teimination of the phosnomcnon, we always find at the 
point of the funnel a mass comparable to the isolated spheres f 
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ncc ui this expel imcnt the tinnsfoimation ensues accoi cling 
the second method Ihuefoic as the n hole length of the 
uic IS about 1200 millimR ind as the ti aiisfoi mation constantly 
Ids two isolated sphcies^ the mean length of the diMsions has 

5S) foi its appioximative value millims =rr> 7 inilluns 

say the mean longthj because^ as the diamcUi of the hgme 
leases fiom the summit towauls the hasi the divi 

ns aic piobably not o\ lotly equal in length It must Ik 
fled hcie, that the tiansfoiin itioii onsiics uiulci cneumstances 
iich aie alnsys identical and cons( quentlv in the absence of 
idental distuilnug causes tin abo\c quantity ought to icpu 
it the noimal length of the divisions^ oi the luaicst possible 
\^lh to the hltci Now I csiimatc the mean diametd of tlu 
me befoic the tnnsfoimation at about 4 milluns , nc should 

iscqucntly have — =?=!() 7 as tlic appioximutive value of the 

ipoition behvten tlie noimal length ol the divisions mid the 
imclci of the cylmdei Ihis is theiefoie appioximativcly tlu 
istant piopoition sought ui the case ol a eyhndci of oil fount d 
the alcoholic mixtme now this piopoitiou, as is cudent is 
ich giciUi than Ihut whieh bt longs to the case ol a cyluulei 
mcicuiy icsting upon a jiluti of glass 
In fact, the length 0(i 7 nnllims may (hflti someyhat mate 
lly fioni the noimal length foi it on Uic one hand, the 
lolc length of the (igiue of oil is considciuble in u^aul to its 
imctci, on the othei hand, tlic numbci ol divisions nlucli 
m thcic IS veiy small I et us then see loi instance, nluit is 
least value n Inch the noimal length ol tlusi divisions may 
/c Wc must in the fust place Hinail > that m this ease, not 
hstinchng the absence ol distiubing tuuscs, the thud iimthod 
timisfoimation is possible, m fact, as tlu lowei eonsfiietion 
icllicient to a liquid base, nothing can pievcnt tlu oil which 
loses fiom tiaveising this base to leach tlu Imgo mass, so 
it in the thud method also, the dueetion of the movinuuts 
tuuispoit may he the same ui legiid to all Uie eonstnetions 
>2) i his gi anted, as the dcnominatm ol tlu e\pi c ssion which 
es the lenglh<*of one division can cmlj vaiy liy half units (53), 
I as the length which wc luuc (omul icsultcd lium ilie dm 
n of 200 milhms by 3, it follows that the length immediately 


652 1 LATEIU ON IIIL Pllil NOMCN V 01 A rilCI f I QUID MASS 


belo\^ would be uiillims = 57 1 millims ^ winch would coi- 
6 5 

lespond to tlnee isohted spheics O-nd a tiansfoimation dispose d 
accoidmg to the thud method But as mattcis do not take 
place m this mannei, since theie aic ncvci moic than two iso- 
lated spheies foimed, and the tiansfoimation always ensues ac- 
coiding to the second method, wt must c oncluclc that the noimnl 
length of the divisions appio\imates moic closely to the leiiglli 
found, 66 7 milliras , than the length 57 1 nnihms , if tlun tin 
noimal length is gieatei than the fust of these iw o qu iiititu s, li 
must at least be moie than then mean, t e G1 0 millims , con- 
sequently theiehtion of the noimal length of the divisioiiH nnci 


the diainetei of the cyhndci is nceesaaiily gicntei than 


Cd 

i 


= 15 5 , now tlnslattei niimboi considcinbly exceeds tho nuinlx i 
6 35 which coiiesponds to the meiciuial cyhndei 
Thus, the piopoition of the noimal length of the divisiona (o 
the diametei of the cyhndei vanes, sometimes acoouling to tlu 
natuie of the liquid, sometimes accoidmg to extcinal cuciini- 
stsnees, at otheia accoidmg to both these elements 


57 But I say that theie is a limit below which this jno- 
poition cannot descend, and that this is exactly the limit ol 
stability Let us imagine a liquid cylmdci of sufHoicnt Itnglli 
in piopoUion to its dnmctei, oompnsed betw eon two solid basi h, 
and the tiansfoimation of winch is taking place with peifecl it - 
gulaiity Suppose, foi the sake ol clearness, that the pha no- 
menon ensues accoidmg to the second mdhod, 01 in ollui 
woids, that the teimmal poitions of the figuio consist one ol ii 
constriction, the othei of a dilatation, then, as vve have seen 
the legulanty of the tiansfoimation will extend to these liitLc i 
poitiona, 2 e the teimmal constiietion and tlie dilatation w ill be. 
lespectively identical with the poitions of the same land oi tin 
rest of the figui e Let us then tike tlic figui c at tlmt nci lod i. ( 
e phaenomenon at which it still piesents consliiclions iui<l di- 
latations, and let us again considei the sections, I he ditimcLci of 

Mhichisequaltothatofthecyhndei(§r,2) Lctusslail lunn 

'vliich tiuH 

W.I ^ constitutes the first of the sections in quoshon, 

SruTaMl r sl^°^n,the oiigm of tho consliiclion 
Itself, we shall then have a second section at tho oiigin of tho 



WIIIIDRVWN inOM ini VCU()\ 01 OUVMl\ 6 ^^ 

filst dilatation , i thud at the oii^in of the second lonstiiciion 
a fouith at the oiigin of the second dilatation^ and so on so that 
all the sections of the even scius will occupy the oiigms of tho 
dilatations all those of the odd scues the oii^ins of the ( oustiie 
tions Ihe intcivnl compiised between t\\o consecutive sections 
of the odd sciica will theicfoie include a const iictj on and u dil ita 
tion and as the figiue bc^jins with a consiiittion and tc i uii nates 
with a dihtalion, it is clem that its entne length will Ik divided 
into n whole numbei of siimhn uituvals In conscqiuiiLC of 
the c\act ic^ulaiity which we have suppoRcd to exist m the 
tiansfoimation^ all the inteivals in question will be (qiuil m 
length and as the moment at which wc entei upon the eon 
sidciation ol the figuie nuy be tal en aibitiaiily fioni tlu oiigm 
of the pluenomcnon to the m ixiinum of the dc pth of flu con 
stiiclionsj it follows tint the equality ol length of tho nitcivuh 
subsists cluung the whole of tins pciiocl, and that^ consequt ntly^ 
the sections which tcimmate these inteivals piosoivc diuiUf, this 
pciiod pctlecily fixed positions llesulea the paits ol the hgiue 
lespcctndy contained m (udi of the inteivals iindei^oing idcn 
iically and aimnltaneously the same modiheations the volumes 
of nil these paits icmain equal to cadi olhci and as then sum 
IS always equal to the total volume of tho liquid, li follows that 
fiom the ougni of the tiansfoimution to the maxnniim of dcjitli 
of the eonstiictions, each o( these pnilial volumes uinaina mva 
nnble, oi in othci woids, no poiLioii of hqmd passes liom any 
one mteiwal into the adjacent ones llius, at tho malant ut 
which wc considci tho hguie, on the oiu hand, the two seel ions 
winch tciminatc any one inlcivul will have piescived then piimi 
tivo positions and then diameUis and on the oUui hand, Ihesi 
sections will not ha\o been tiavdsid l)y any jioiUon ol liquid 
Mntteiswill then have occuned in tadi mienal in llu Himu 
mannci as if the two sections by which it is Uiinmuted had Incii 
solid discs But the tiansfoimalion cannot (UHue bttween two 
solid discs, if the piopoiUon ol the disimuc wlueh sepaialiH the 
discs to the diainctei ol ihe cyhndei ih Uss than Ihe limit o( 
stability, the piopoition of the length of om mtcnals and tho 
chametei of the cyhndei cannot then be less than lliiH limit Now , 
the length of aft inteival ta cvidciUly equal to that o( a division , 
for the fiist, in accoulance with what wo have seen above is ilie 
sum of tho lengths of a dihUation and a eonsiiietion , and tlic 
second 18 the sum ol the lengths ol a dilulaliou and two aemi 
VOL X l Mil XXI ^ Y 
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const! ictions (§ 53) i the pioportion of the length of a division to 
the diameter of the cylinder cannot then be less than the limit 
of stability, and we may remark heie that this conclusion is 
equally tiue, whether the divisions aie able or not to assume 
exactly their noimal length, 

58. Let us now attempt to asceitain the influence of the natiiic 
of the liquid and tliat of external ciicumstances, commencing 
with the lattei Oui liquid cylmdci of meicuiy, along the 
whole of the line at which it touches the plate of glass, must 
contract a slight adheience to this plate, uhich aclheicnco must 
more oi less impede the transfoimation. To disco vci whether 
this lesiatance exeitecl any influence upon the normal length of 
the divisions^ consequently upon the piopoition of the lattei to 
the diametci of the cylinder, a simple means picsentcd itself, 
VIZ to augment this lesistance. To arrive at this result, 1 
aiianged the apparatus in such a manner as to lemovc only one 
of the stiips of glass, so that the liquid figure tlicn icmaiuetl 
simultaneously m contact with the plate and the other strip. 
I again lepeated the experiment ten times, using copper wires 
1*05 millim. m diameter, and giving the cylindei a length of 
100 milhras. The following weic the icsults ^ — ■ 


Number of 
isoktcd 
spheres 

lilasRCs nilhercnt to tho bases 

IiUlgtll 
of a 

(Uvishni 

9 

One Iftige and one small 

imlltiufl 

10»00 

9 

One laige and one sin all 

11 11 

9 

One large and one small , 

10 00 

8 

One laige and one small 

11 11 

11 

Two small , 

8 09 

8 

One largo and one small 

11 11 

8 

One large and one small ... 

11 11 

8 

Two largo , 

10 53 

8 

One largo and one small ... , 

11 11 

G 

T\\olnigc, ♦, 

13 33 


It IS evident that the diflPeient values of the length of a divi-. 
Sion, with a single exception, are all obviously gi eater than all 
those which 1 elate to a cylinder of the same diameter, the sur- 
face of which only touches the glass by a single line (§ 54). Wc 
must thence conclude, that, all othci things being the same, tlie 
length of the divisions inci eases with the extCimnl icsistanco, 
consequently, undei the action of the same lesistance this length 
IS necessaiily gi eater than it would be if the convex surface of 
the cylinder had been perfectly fiee 
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In the ^lbo^o senes, neifhu of the lesults appeals to be vciy 
eguhi but ^^e can leadily undci stand that the menu of the 
/dues of the thud column will appioach the noimal length of 
he divisions Ihis is lnolco^u confiimed by the tables m §§ 51 
md ;5 if^\e talc in the loirnei the icspective means of the 
/alucs of the two senes we find foi one 6 77 nnllims, and foi 
he othci 7 17 niillims , quantities, llu fiial of winch is ucaily 
qiuil to the length 6 67 inillmis , winch may be consideicd as 
he noimal length and fiom which the second does not diflci 
Tuich, and if hi cwisc w( tal c ilic iclativcmcan in the following 
able, we hud n 15 mil Inns , a quantity vciy luai the length 1 1 IS 
nillims whieh in th( ( m of tlie second table may also be le 
aided as tlu noimal length Now, the (onespoiulmg mean 
n ilie abo\e table is 10 81 millims consequently, m the ease 

3f two lines of contact wo have ^^=10 29 as the appio\i 

nate value of the piojioition of ilu noimal length of the divi 
lous to the diainetci of the eyluuUi, whilst in Uie ease of a 
nnglc liiK of (ontadwi found only b 35 lb nee Uu piopoi 
ion between tin noimal Un^th of tlu divibioiis and tlu di 
imcloi of the eylindei mci eases by tlu e(h(t of an cxtcinnl 
csistance 

59 Let UB pioceed to the infUunee of the natiuc ol the liquid 
Vll liquids aie moio 01 hss viscid, ^ ( tiun molecuUs do not 
njoy peifect mobditv witli K^ud to each otlui Now this 
ivos use to an intenuil usistaiue, whuh must also uudei the 
lunsfoimation less easy, and as exteiaal lesistunces incicase the 
ength of llic divisions, wc can muh island that tlu viscidity will 
\cl in the sunu inannei, consequently all otlui things being 
qiiul, the piopoition now multi consult lal ion will nieuasc with 
Ins viscidity But on the othci bund, uitli < q<uil ciuvaluu s, the 
ntensities of tlu (outs wlueli piodmo Hit UanHfounaUon vaiy 
Mth the natuie ol I he liquid, loi these inUnsities dtpend in 
ho case of each lupud, upon that ol the mutual atli action ol the 
nolceules Now it is clem that tlu vistuhly will exeil so much 
Tfioic influence upon the Icn^^Ui ol I he divisions ns the mtcnsitica 
>f the foi CCS m question aio less Urns, leaving (xteinal le 
iistanecs out oh tlu tpie lUon, ilu pi opoi lions of the noi mat length 
)f the divisions to the dmmcUi of the eylmdci will b( gicutei m 
)io])oition to the viscidity ol the iKpnd and the feebleness ol the 
onflguun^ loiccs 


2 Y 2 
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The intensities of the configuring foices concsponcling to dif- 
ferent liquids may be compaied numeiically for the same ciu va- 
tures. In fact^ let us first bear in mind that tlic piesbuie coi- 
lesponding to one element of the siipcificial layci and i educed 
to unity of the suifacc, is expiessed by (§ 4), 



NoWj the value of the part V of this picssurc being the same 
for all the elements of the supeificial layer, and the jiiossurcs 
being tiansmittcd thioughout the mass, tins part 1^ will aluays 
be destioyed, whether equilibrium (\ists m the liquid flgiue 
or not; so that the active pait of the prcssiue, that which con- 
stitutes the configuimg foice, will have foi its mciismc simply 

+ Ilcnce it IS evident lliai when the cinvatiucs aic 

equal, the intensity of the configimng foice ansnig fiom one ele- 
ment of the siqieificial layer is piopoiUonal to the coenieicnt A. 
Now this coefiicicnt is the same as that uhioh euleis into the 
Known cxpiession of the elevation oi depreasion of a liquid m a 
capillniy tube, consequently the mcasuics U'laling to this eleva- 
tion 01 dcpiession will give us, in the case of each lujuid, the 
value of the cocflicient ni qiicstiom Hence we may also say 
that the piopoition of the noinial length of the dn^sjons to the 
^diameter of the cylinder \m11 be grcatei as the liquid is more 
viscid and ns the value of A wlueli corresponds to the lattei di- 
minishes For mstance, oil is inueli mous viscid than tneioury ; 
on the other liand, it would be easy to show fhal tlio value of A 
is much less for the fiist than for the second of these two liquids ; 
lastly, this value must be much diminished in regard to oiu 
figure of oil by the presence of the suiTOunding nlcoliolic liquid, 
the mutual attraction of the molecules of the two liquids in con- 
tact diminishing the mtcnsiUea of the picssiucn (§ H), This is 
why the piopoition belonging to a cylinder of oil formed in the 
alcoholic mi\tiue considciably exceeds that belonging to a cylin- 
der of mcicury icsting upon a plate of glans, notwitliHlaiuling 
the sliglil external lesistance to winch llu lallei is subjected, 
60, It follows horn this discussion coneenmig the lesistances, 
that the smallest value which the piopoi tion of th# normal length 
of the divisions to the diameter of the cyhiulei could he sup- 
posed to have, coi responds to that ease m which llu're m simul- 
taneously complete absence of external rosisitmce and of vis- 
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Lidity;, and, aftci the dunoiisliution yvcn in § 57 this Iitisi 
V due will be ut least equal to the limit of stability Nou as all 
liquids nicmoie oi loss vihcuI it follo\\8 that, e\cn on the hypo 
thesis of the annihilation of all c\tci nal lesistancc, the piopoUiou 
in question ill always exceed the limit of stability , and snico this 
IS inoic than d, this piopoitioii will afo^lion bt always moie 
than 3 

It is conceivable that the least value consideud above, ^ e 
that which the piopoitiou would ha\e in the case oi complete 
absence oficsistance both intcinal as well as cxtcinal, would be 
equal to the limit of stability itscU, oi would vciy slif^htly 
exceed it In fact, on the one hand the piopoition appioximales 
to this limit os the lesistancea diminish, and on the othci hand, 
if it exceeds it, the tiansfoimation becomes jiossiblo (§ r>7), 
hence wc see no icason why it should diflez sensibly fioni it if 
the usistancGS wcic absolutely null Ihc icsults of oin expeu 
ments, inoicovei tend to confiim this view Inst, since the 
jnopoition belonging to oin cyhndci of imicuiy dcscimls fiom 
10 29 to C 35 passing fiom that case in whuh the cyhndci 
touches the glass at two lines to tlmtwhcie it touches it at a 
single one only 58), it is cleai that if this latlci contact itself 
could be sujipiesscd which would haic the inilueiuc oi the 
viscidity alohe icmaimng, ihc piopoition would become much 
loss than 6 35 , and as, on the othci hand, it must exceed 
WQ might admit that it would at least lu he I ween ihe latlei 
mimbci and 1, so that it would closely aiipieixiniatc the limit ol 
stability If then it wcic possible lo exeludc the Mseidity also, 
the new dceieasc which the piojioitiou would ihea expiueneo, 
would ^ciy ])iobal)ly bung the laiUi to Ihe veiy limit m epus 
lion, 01 at least lo a value (hllciing but exeeeelingly lillh liom it 
1 bus, on the one hand the least value o( the jaopention that 
couespondm^ to ihc complete absenet of usislanccs, wouhl not 
(hllci, 01 scaiccly so, (lom the limit oi sluhihty , and on the othci 
hand, iindci ihc inilucnte oi viseubty aleme, the jiiopation 
apputainuig to the incicuiy would Ik but litllc lemoved lioin 
this least value Hence it is evident that llu influence of the 
viscidity of mcicuiy is aniiill winch is mouenci explinned by the 
well known fcctiloncss oi this same MHCuhly 

Wc can now undeiatancl m the case of othci but \c)y slightly 
viscid liquids, such as watei, eilcohol, , whcic the visculity is 
not able to ioim inojc than a numinum icsisiaiue, that this 
vise idity, notwithstanding the eliirciences m the lulcnsities of the 
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I 

configluing forces, will also exert only a feeble influence upon 
the proportion in question. Hence it icsiiUs that in the absence 
of all extcinul lesistance, the values of this piopoition inspect- 
ivcly coi responding to the vaiious vciy slightly viacul liquids, 
cannot be vciy far icmovcd from the Innit of stability; and as 
tlie smallest whole niimbci above this is 4, w^e may in legavd to 
these liquids adopt this number as icpiescntmg the mean aji- 
pioximalivc probable value of the propoition m question. 

Starting liom this value, calculation gives us the number 1'82 
as the propoition of the diameter of the isolated sjiluu'es which 
result liom the transformation to the diameter of the cylinder, 
and the number 2*18 lor the inoportiou between the distance of 
tw^o adjacent sphcics and this diametoi* 

81. '^I'hcro 18 anothei consequence arising hoin our diseussion. 
For the sake of snupheity, let the diametei of the cylinder be 
taken as unity The propoition of the noimal length of the di- 
vision to the dinmelcr will then expiess this normal length ilseKi 
and the piopoition constituting the limit of sialnlity will express 
the length eon espomhug to this limit. ^riuH adinittod, let us 
lesume the conclusion at which w'o aruved at the eonnneucc- 
meni of the pieeeiling seclion, whi(*h conclusion we shall 
consequently expiess heic by slating that m the ease of all 
liquids tlie noiinal length of Ihe divisions always exceeds fhe 
limit ot Btulnlity; w*e must reisillect lu th(‘ second place, that 
the sum of the lengths of one eonslnetion an<l one dilatation la 
equal io that of a division 57) 5 and tlurdly, at the first nio- 
mont of tlie tiunsloimation, the length of one conatrietion is 
equal to that of a dilatation 4(i), Now, it follows fiom all Ihcso 
piopositions, that when the truimlormution of a cylinder begins 
to take place, the length ofa single jmrlum, whelhcr constiictcd 
01 dilated, IS neccssanly gi eater than half the limit of stabihly ; 
consc(iuently the sum of the lengths of three contiguous por- 
tions, for instance twx) (lilatutions and the inleimediateeouBtric- 
tion, 18 once and a half gicaler than this same limit. Ueuee, 
lastly, If the distaneo of the solid bases is eompused hetweoa 
oneo and once and a half the limit of stidnlity, it is iiupusslble 
loi the limit of stability to give use to three pm lions, and it will 
eonacquontly only bo able to jiroduee a single diMlation m juxta- 
position with a single eonstrietuni. This, in fuel, as wt have 
seen, always took place ni regard to tin* cylinder in ^ <18, wOueli 
w^as evidently in the above condition, and the want u( syin- 
motiy in its trunsfoimution now' lieeomes explicable. 
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02 Aa stated at the conclusion of § 18 , we lm\c yet to de 
aciibe aiemailcable fact which alnays iccomyaiucs the end ot 
the phenomenon of the tiansfoimation oi a lupiicl cylnulei into 
isolated masses 

In the tiansfoimation of Iftxgc cyhndcis of oil, Mhcthci nn 
pdfcct 01 exact (§ Ad to 46 ), \Ahcn the constiicLcd pait is con 
sideiably nauoned, and the sepaiution seems on the point of 
occiniing, the two masses me seen to flow bank lapidly tow aids 
tlie lings 01 the discs but they ka\c between them a eyhndu 
cal line which still establishes, loi a \ciy shoit turn, the con 
timnty of the one with the othci (lig 28 ) tins line then lesolvcs 
itself into paitial masses It gcneially divides into tliiei paits, 
the two cxticmc ones ol which become lost in the iwo huge 
masses, the inlci mediate one foiinmg a splieiule, some imllime 
tics lu duimetei, which uinams isolated lu the middle of the in 
teival winch scpaiates the laigo masses, moicovei, iii eaeli of 
the uUcivals between this sphciulc uid the two huge masses 
auothei vciy much sniallei spheiule is seen, which indicates that 
the scAiuatjon of the paits of the above line is also efieclcd by 
ittcmuited hues , hg 29 (PI VllI ) lepicscnts tins ultim ale state 
of the liquid system i he same cflects me piodiucd when tlu 
itaolution of tlu thin and elongated tyliudei of oil of § 17 mto 
sphues occius onlj theic is in one oi llie othei ol the inUnals 
between the spheics fuquuitly a 1111^01 numbci ot spheuiles 
and besides, tlie foimation of the pinuipal line is less easily oh 
senod, in consequence of the moie lapul piogicss ol the pine 
nomena I astly, m the case of om cyhueleis of mcicuiy, the 
lesoluUon into s))luies tales place also m too BhoitatniiL to 
allow of om pciceiMug the toimatiou ot tlu ImcH hut wi always 
find, in sG\cial of the iiitcnulH bLtwien tin spheies, oiu 01 two 
^ Cl y minute spheuiles, whciieo wi may <om hide that flu stpaui 
tion 18 efleeted in the a mit maniici * 

^ Wo quail L avoid ic(ogni/iag nn nafilo/ v bclwton llio plutn onion on of Die 
foinmU in of iKpiid I11U8 and that if tlui f lunuti 11 d luniinin In (act ui tlio 
\p umeiit in § ) hi inolanco llni piano 1 Im^iuh 0 ho fnniod wlun tho 

two u) posile cnntuvt mufacca ai aim mi in i aUa I with ialIi ntlui at tlicn 
BnnnnitH luul in tho losolnlion of a 03lind(i ml > h\ Iiulh tlit f nmalion of the 
hncH coinnitnci 8 wlan alJ tlu nioudumal mdi inn ( tho iigmo a 1 jno 8 l tuucli 
Luoli othci hy Lliy HnmniilH ol tlu 11 ( auavu poUn ns 

Wlun lioatin^ of tho layois w have n nnid icd llitn fnnmlion as iadf 
crtlm^ a kind >l ttiulimy CowauU a naUuulai afuto of cqulhbihnn wliicli 
icsnlts liom tho cii uniHluiLO that m thu um of tho thin part of t)io liquid 
s\Htcm tlic ouhnaiy law ol pussmes la modified I oi tho annlo^y botwoori 
Ino two oidcrs of plmiunioiia to ho complotc it would Lhoiofno lio nieossaiy 
that oxecssnoly delioatc liquid Imu aliould eonnoct thick masscB and should 
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As wc aie now acquainted with the entire com sc which the 
tianaformation of a liquid cylmdci into isolated sphcica must 
take, wc can repiesent it giaphically^ fig. 30 rcpioscuts the 
successive forms thiougli which the liquid figure passes, com- 
mencing with the cylmdci up to the system of isolated sphcics 

tluig foiin with those mnascs a system tn eqnihbnOi notwithstaiuhng tlio in- 
compEitibility of this oquilibiiuia witli tho oulnmiy law of picssiiiDS Now wo 
shall show that this cquilibiium is m leality possible, at least thooietuallv 
Let 113 always take as ovample, tho lesolntion of oiu iins table cylnulei into 
ptutial masses When the cylinclucal lines foim, then diamctei is ov(‘n 
Ihea voiy small jn compaiison with the duncnsions of the tluck massos. con- 
bcquently then cunatme in the chicctioii poipeiidiciilm to the nxH is vuty 
gieat in compnuson with the ciuvatmc ol these masses 1 ’ho picsaino ooue- 
spending to tho lines is tlicn onginnlly nuich gieatoi than thoao coiiosponding 
to tho thick masses, whence it follows that tho liquid must be duvon iiom the 
mteiioi of the linos towftids these same mnssco, and lluU tho linos, like tho 
layeia, ought to continue diminishiug Moicovoi, then omvatmos^ and con- 
sequently then picssuio nuguienlnig in piopoitiou as they hooonic mmo lUte- 
minted, then tendency to dimnush in thukness will go on iiicicasing, and ton- 
soqiiently if wo diaiegaid tho instability of the cjlinducal fonn, wo soo that 
tlioy must become of on excessive tenuity Jlut I say that tho angmontnlion of 
tliG picssmc will have a hmifc, beyond which tlua mcHsiuo will piogiessuoly 
diminish, so that it may hecomo equal to that wlueh couesponds to tho thuk 
pai ts of tho liquid system 

In fact, without having lecouiao to tlieoieticnl dmolopniouts, it is londily 
seen that if tho diamctoi of the lino becomes less than (hat of tho spheie of the 
sensible activity of tho inoleculm atti action, the law of llie jncssuic must bo- 
como modified, and tho dmmotci conlimung to dcoiease, the pi casino must 
finish by also piogiossivoly diminiahing, notwithstanding tho incioaso of tho 
cmvalnros, In consequeneo of tho diniimilion lu tho numboi of attiacungnmlc- 
culea Ileiicc tho piessmo may diminish indofimtidy, foi it is clem that it 
would ontiicly vanish if the dmmotci of tho ime bceamo lodiued to tho thick- 
ncas of a single molecule Those gcometiiciana who atudy the llicuiy of capil- 
huy action know, that tho foiniutm of this the oiy cenHO to be applicable in tho 
case of vciygieat cmvatuics, oi those tho ladii of which aie coinpmahle to that 
of moleculm atfiaction Now it follows fiom what has heeii aluUul, tinu wo inny 
always suppose the thinness of tho lino to bo suoli that tho coucspondiiig piob- 
auio may lie equal to that existing in tluck innsscs whiili Imvo attained a slato 
of cqmlibiium. hi tins case, mlmUling that tho lines aio iniUhomalu ally ic- 
gulai, 80 that tho piessuro tlioio may bo cvciy whine iigoiously the Biune, con- 
sequently that they have no tendency to lesolvo theiiHoIvea into small pmlial 
masses, cmiilibiunn will necosHaiily exist In the sVHlom In this cihi*. the (oim 
of tho thick masses will not be nintlumiitically sphauciU , toi then Hiufaeo muat 
become slightly imsed at the nmctuios with the lines, by pichenttng eonemo 
cmvatiues in the moiidional duoction Tins foim will Im tho aainc as iliat of 
an laolatod mass, tiavelsod diamotiioally by nn excessively mniuio solid Ime 
(§ Ifi) This system, like those into tho cam position of which layeia tmtei, is 
composed of sinfacca of a diffeieut natmc, but this liolciogencily of fmni be 
comes possible hcie, as in tho casa of the layoia, in consequence of the change 
winch tho law of piessmes imdoigoos in passing fioin one t*) anothei IiukI of 
siu face 

We can moioovoi undei stand, that the cquililnmm in queslion, nlllinugh 
possible thcoietically, as wo have siiown, can novel be leah/cd, m conKcquence 
of tho cyluidiical foim of tho lines The same does not apply to the i'uso of llio 
piano Inyois, fei as wo shall show m the following sei us, tlio plane unfacoa 
me always sinfaces of stable cqiulibiiuni, ivimlevti may bo then extent. 
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and ot apheiules llns fi^me icfus to the case of a veiy slightly 
viscid liquid^ such as \\i\tc\y nlcoliolj he , and wheio the coincK 
smfaec of the cyhndei is poifectly fiee conscqucntlj, in accoid 
ance nith the piobablc conclusion ^uth mIiicU § GO tcinunatcs 
tile piopoition of the length of the divisions to the dmnietei lias 
been taken as equal to 1 

Ihe phocnomcnon of the foimation ot lines and then icsolu 
lion into sphciulea is not conhned to the ease of the i upline ol 
the equihbimm of liquid eylindeis it is always manifested wlieu 
one of oui liquid masses whatevei may be its iigiue> is divulod 
into paitial masses this is the mannex in winch, ioi instance, in 
§ 20 of the pxccednig memon, the minute masses which vveic 
then coinpaied to satellites aie foumd^' Jhc pliienumenon 
iindci oonsulei ation is also pioducedwhen liquids aie subnuited 
to tlic flee action of giavity, although it is thou less easily sliown 
loi instance, if the loundcd cud ol a glass lod bo dipped m 
letlici and then w ithdiawn caiefully lu a pei pcndiculni dnci lion, 
at the instant at which the small (piantity of liquid lemaining 
aclheicnt to tlu lod scpaiates fiom tin mass an e\tiomely mi 
niUc spliuulc 13 seen to loll upon the suifaco of the lattei 
] aslly the phmnomtnoinn question 18 of the same nutuu as that 
which occuis when veiy viscid bodies uie chawu into tin ( ads, as 
glass sottonecl by In at e\r{ pt that in tins case the ^ leut viscidity 
ot the substance, and inoieovtj the action of cold, which snh 
diiics tlu tlncad foinud maintams tlu t}lmdiieal foim ot the 
lattei and allows of its acquum^ an mdefimte length 

lo complete the study of tlu Uaasfoimalion ol liquid 
tylindcis into isolated spheics it still iciiuuns foi us to diHCovci 
IIk law accouhiig to winch the duiution of tlu phanonunoii 
vaiiis with the dinmeUi ot the eylimlei, and to uuUuvom to 
obtain at hast some induatunm ututne to tlu ibHolute value ol 
this duiation iii tlu case ot a cyhiulei ol u given diimu tei, cum 
poHcd of a [liven liquid and placed in given eueinnstanees 
We can unde i standee p)io7iy that when the licpnd and the o\ 
tcni il cueumstanccH aic the same, and supposinj tlu length ol 
llic cylnulci to be always such that tlu divisionH asnunu exactly 
then noimal length (§ id), thednuitiou of tlu pha nomenon must 
iiui case with the duunetei , loi the gieatei this is, the gicatci is 

Uifl deal dial iliiRiniilc ofl nmuiioii ih inliitiy humn to f a 1 Jiico « cos 
HU Iiy|) tlu Bin llui toic wo have halii id ad dccht ingliuin this litllo 
(Hi which 111 ) 1 f H to tiui tlkilw ol m ioculm atiuulhn riril not to 
til SL i [,nivifiU n ai V in lavoui of the liypollu Bis mijiioMlion ua 

liy|[otlKfli8 ^\lnth in olhoi ubijccIs wo do not iiclopl 
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the mass of each of the divisions, and, on the otiiev hand, llio 
less the cuivatuies upon which the intensities of the eonUj^uinig 
foices depend. It is true that the surface of cacli of the di visions 
inci eases also with the diametei of the cylinder, conseipienlly it 
IS the same with the number of the clementaiy contlguiing Ioicph} 
but this augmentation takes place m a less piojioition thun that 
of the mass j tins we shall proceed to show more distinctly. IJ iidor 
the above conditions, two cylinders, tlie diaractois ol whieli aie 
diffeient, will become divided m the same inaiinci, J. e, (he 
propoition of the length of a division to the diametei will be the 
same m both parts (§ 55). Now it maybe considered as evident 
that the similitude m figme will be maintained in all tlio jiliiisos 
of the transfoimation , this is moreovci contirined by cxpcriincnl, 
as we shall soon see. Hence it follows at each liomologmiH 
instant of the tian&forinations of the two cyluulor.s, the lespi'ctivo 
suifaces of the divisions will always be to each otiu'r an the 
squaies of the dmmctcis of these eylindcis, wliilst (he nmsacfl, 
which evidently remain mvaiiablc UnougiiouL llic entire duration 
of the plimnomcnn, will always be to each other as the cubes 
ot these diaincteis. Thus, at each luniiologons lUHtaiit ol‘ (lie 
icspcctivc transfol Illations, the extent of (he supeilicial Itiyer ol 
a division, coiiseciuently tlic number of the eonliguiiiig: loieis 
which emanate fioin each of the elements ot this layer, elmiige 
fiom one figmc to the other only lu the piopoitioii of the 
squaies of the piimitive diameters of these llgures, winisl Die 
mass of a division, all the pails ol w’lueli nians receive, uinlei lliti 
action of the forces in question, the movements conslituling (he 
transformation, changes in the inoporlioii of the eiihes of HirMii 
diameters. As regards the intensities of the coiifigining fou’es, 
we must I emember first that the measure o{ (hut wliiih eone- 
spends to one element of the supeiheial layer has (§ 5!>) for ps 

expiessiou g (•]J + 1^/)* granted, ii, at an homologous 


instant in the tinnsformations ol the two (igiires, wi' lake inmn 
one of the divisions of each of the latter any pmut sinnlailv 
placed, It IS clear horn the similitude of thcKe ligiues, llml ihV 
principal radii of curvature correspoudmg In the jioint (ukeu 
upon the second, will be to tlioso eorrcspomlnip; to (he noml 
taken upon the first, in the pioporlkm of the iluumde.H of the 
oiiginal cylinders, so that il this proportion he m, and the ladii 
elating to he point of the first figme be R «,„| IV, those be- 
longing to the iiomt of the second will lie «R t„„i whence 
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it follows that the mcasiue of the two confl^^uiing foxces cone 
sponding to these points will be lespcctncly — 

tIs +®) “ ¥ T (1 + ‘ ■" 

lust to the second figuie the mlensitics of the clomcntaiy con 
ligunng fox CCS in all the phases ul the timiatoimntxon \nll bo to 
each othci in the m\ciac piopoition of the diainctcis of tlie 
eylmclcia 

I have convinced myself by means of cyhndcis of ineicmy 
1 05 milhm and 2 1 indhms m diamctcx (§51 and 55) that tlie 
duiation of the ph« nomcnon mex cases, in fact with the dmmcl(x , 
although the tiansfoim ilioxx of these cylindcis is efterted vciy 
lapidly^ yet ne have no diniciiltj in iccognisuig that the duui 
Lion X eluting to the gieatcx dmxnctci is gicatci Uian Umt^vhlelx 
icfeia to the least 

()! As legaxds the law nhich governs tins incioase in the 
(Uuation, it would undoublcdlj be almost impossible to ainvc at 
its cxpGimxental detcimination m a dneet mamiei i e by mca 
suiing the imies which the nccornph&hmcnt of the plia nomcnon 
nould icqmic in the case of two cjhndcis of sunicioni length to 
!iUou of then being ic^ieeintly eonvoited into sevcial complete 
isolated splieiules, ind of then sutisljm^ the conditions inch 
ated at the eommeneenunt o( the pieeeding section In lact I 
an luuclly see any method of leali/ing such (ylindeis uithont 
ivmg them veiy minute diumelcxs, hi c those of oiu cylnuleis 
xl meieuiy, and then then dination is loo slioit to allon of oui 
jbtaumig llu piopoiUon uiUi siiflicunl (xuetneas 

Jhitue maybe able to uiuve at the samciesuU, but uilh cci 
am icatiietums which we shall mention piemnlly, by means of 
w 0 shoi t ( y Imdei s ol oil foi me d bi i\\ ei n tu o chs( s (§ 46) , thei c 
s notlun^ to pic\ent these (jliiuleis lioni b( ing ohlmnecl of such 
liameleiB as to iciulei the e\ac( nuasuu of the dmalions easy 
In the LiansfoiinaUon ol a cyliiulei of tins 1 iiul, only a single 
onstiiction and a singU dilaliition au pioducul but as ni the 
lansloimalion of cylmdciH which axi siilli(i<ntl) long to fiunish 
icveuil complete isolated sjiUeies, the phases tin ou^h winch the 
onstuetions and the dilulatioiis pass uxc the same loi all, we 
iccd only considcx one consUKtion imcl one chlutation Wo can 
mdciBtand that the iclutivc dimensions of ihe two solid systems 
ni^^ht to he such, ihat tlie illation between the distance of the 
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discs and then’ diameters is the same in both paitSj in oidn 
that similitude may exist bctw een the two liquid hgmes, at (heir 
oiigin and at each homologous iiistanl of then liaiisloiumlioiis. 

Befoie giving an account of the employment of these iigiiies 
ol oil foi the determination of the law of the diiialioiiH, we 
shall take this oppoitunity of making several iiiiporlant le- 
niaiks. We shall only lequiie to make use of the law in ques- 
tion, m that case, which in olhei lespecLs is the most simjile, 
wheie the cyhiideis are foimed m vacuo or in air, and are 
flee from all extcinal lesistancc, or, in other wouls, liec iijiou 
the whole of their convex surface. Now our slioit eylindois of 
oil aie formed m the alcoholic liquid, aiifl it might be asked 
whethei this ciicumstanec docs not cxcit some inlliieiiee upon 
the piopoitioii of the duiations coriesponding to a given pio- 
poition between the diametcis of these cylin(ler.s. At (hsl, a 
gieater or less poition of the alcoholic liquid must be displaced 
by the modifications of the figures, so that the total mass to be 
moved in a tiansformation is composed ol’ the mass of oil and 
this portion of the alcoholic liquid j but it is cleiii I hut in viilue 
of the similitude of the two figures of oil and that of llioir move- 
ments, the quantities of suiiounding liquid respectively displaced 
will be to each other exactly, or at least iippaicnlly, as the Luo 
masses of oil , so that the iclation of the two ciiliic masses will 
not be alteied by this ciicumstniico, Ileiicc it is very piobalilc 
that this cneumstance will no longer cxcit any influence iqion 
the piopoidon of the duialions, except that the iibsoliilo valiics 
of these durations will be gieater. On the other hand, the 
mutual atti action of the two liquids m contact diininislii's the 
intensities of the pressures (§ H), mul consequeiilly the con- 
figming forces ; but it is easy to see (hat tins dimmiilion dors 
not alter the iclation of these intensities m (he two fignics. 
i'or let us imagine that at an homologous insliinl of lb(> two 
tiansfoimations the alcoholic liquid becomes siiddeiily leplacid 
by the oil, and let ns conccivo m the hitler flic sin luces of Ihe 
tw'o figuies as they weic at that instant. The eonfigiu mg fniees 
will then be completely destioycd by (lie alliaelioii ol llic m) 
outside these am faces, or, ni other woids. Hie external iiltiaelinn 
vy.ll be at each point equal and oiipoRid- to (he iifteinal eonligu- 
mg foicc. If we now replace Hie .deoholie lupiid, Hie intensities 
the external attiactions will eliange, hut they will evtdeiiHv 
ictam the same relations to each otlier. wl.eneo i( lollnws Huit 
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those coucspoiuling to two homologous jioints taken upon both 
tlic figiiiea uill still be to each otliei as the conhguiing foices 
commencing at these pomU, so that m hict the icspcctivc lo 
sultants oi the c\tcinal and intcinal actions at these U^o same 
points will be to each othn in the same piopoiiion as the t\\o 
nUcinal foices alone Ihus tlu attuutions excited upon tlie 
oil by the siuunnuhn^ alcoholic liquid \m 11 ccitamly dimmish 
the absolute intensities oi the couhi^uunt, ioucs, but Iluj will 
not change the lelutions of these nilcnsities conscquonllj they 
may be considcied as not exciting any infliuuec upon the dm a 
tions But it IS eleai tliut tins cause will nc veillielesa gieatly 
mcieasc the absolute values oi the liUei loi the two leasons 
winch we have explained, the piesence of the alcoholic liquid 
will then mcieasc the absolute values of the two duiations lo a 
considoiable extent but we may admit that it will not nltei the 
lehiLion of these values, so that this piopoitiou will be the Baine 
whcthei the pluenoinenon talc place in vacuo oi m an We 
sImIUluufoie consitlci the law winch we deduce fiom om cxpeii 
incuts upon shoiltjhudcis of oil as iiuh pendent ol the picscncc 
o( the suiumnding aleoliohe liquid, and this will be found to be 
sujipoited by the natuic o( tlu law itself 
But the (\act foimatum ol oiu shoit cyhndeia o( oil Hquiies 
If)) that m these cjlindcis the jnopoitiou between the Icn^^th 
and the dmmeUi, oi what comes to tlu huuk Hung he tween the 
sum of tlu lengths ol tlu conaliiction and tlu dilatation and 
the chanutd, exceeds hut little tlu limit ol sLabilit) Now m 
the iinnsfoimatum ol oylnuleiH snlhciently long to fuunsh 
sevcial spheusj which would be foinud m vatm oi in tlu an, 
and lice upon then iiitnc convex smlate and 1 he divisions oi 
wine li have then noinuil length the piopoi turn ol tlu sums ol the 
leiigtlis of one eonstudioii and one dilututmn lo ihc diamctin, 
which piopoition is the same as that of tlui lenj^tli ol one elivi 
Bion to the dmmeUi, would \aiy with tlu mduu ol the liepud 
(§ 6t)), and wc me ignoiaiit wlutiui Ihe law ol tlu duinlions is 
independent ol the \aliie ol this piopoilion Iho law whieh we 
shall ol)tain m icgaid Lo slioit cyluuhisol oil can only Iheicfuie 
be kgiiiinately applied to eyhndeiH ol mifhe lent Ic ngtii to iuniish 
seveiul spbeie '%sup[K>Hed to be in tlu ubene eoiidilions, i\\ the 
asewlicu these lattei eylindeis au ioiiiud of such a liquid that 
they would ^^ive loi the piopoiliou in question a value but littU 
icatci ilmu that of the hinit ol stabilitj 
Now this IS the ease ol mcitiu) (§ 60), and it is also Aciy 
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probably that of all otlier very slightly viscid liquids (§ 60)* ' 
Thus the kw given by the short cylinders of oil will be exactly 
01 apparently that which would apply to cylinders of niczcury of 
sufficient length to fuinish sevcial spheres^ supposing the latter 
to be pioduced tn vacuo or m an, fice at the whole of then 
convex surface:, and of such length that the divisions in each of 
them would assume theii normal length, Morcovei, the same 
law Mould be undoubtedly applicable to cylinders formed of any 
other very slightly viscid liquid^ and supposed to be in the same • 
conditions as the preceding, 

The law mny possibly be completely gencial, L e* it may 
apply to cylinders formed, always under tlic same cncum- 
siances, of any liquid whatever 5 but om experiments do not 
furnish us with the elements ncccssaiy to decide tins ques- 
tion, Lastly^ the tiansfoimation of oui shoit cylindeis picscnis 
a peculiarity which entails anothci icstiietion The two final 
masses mto uduch a cyhndei of tins hmd icsolves ilaclf being 
unequal, the smallest acquiics its form of equilibrium conaidoi- 
ably bcfoic the other, so that the duration of the pliamomcnou 
IS not the same, Ilcncc we can only determine its duration 
up to the moment of the luptuic of the line^ consequently tlie 
proportion whicli wc thus obtain foi both cyhnclcis will only bo 
that of the durations of two homologous poitions of the entire 
transfoi matioris Moreover, the propoi tion of these partial dura- 
tions is exactly that of which wc shall have hereafter to make use, 

65. I made the experiments in question by employing two 
systems of discs, the lespective dimensions of wlncli woio to 
each othei as one to two , in the former, the diameter of the 
discs was 15 millims., and they were 54 millims. apart ^ and 
in the second thcii diameter was 30 millims., and their di- 
stance apart 108 milhms. The cylinders formed respectively 
in those tvvo systems were therefore alike, and, as I have pic- 
viously stated (§ 63), these two figures exactly maintained their 
similarity, as far as the eye was capable of judging, in all the 
phases of then tiansfoimationa. It sometimes luqipencd timt 
the cylinder, when appaiently ’well foimecl, uas not at all per- 
sistent and immediately began to alter; this circumstance being 
nttiibutable to some slight remaining iricgulaiky in tho figure, 

I mnnediately le-estabhshcd the cyluubical form-^, and tlio time 
was only taken into account when tho figure appealed to main- 
Imn this form foi a few moments. Another anomaly then some- 
* See tho second nolo to pniflginph 10 
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times picbontcd it elf, \Uiich consisted m the simultaneous toi 
ination of iuo constuctioiis with an intu mediate dilatation 
tins modification ccaatd ulicn it had attained a vciy slightly 
mail cd de^^ice, and the figine appealed to idnam in the same 
state hn a considuablc pciiod'^ then one of the consLiiciums 
became i^iadually moie mailccd uhilat the otlici disappeaicd 
and the tiansfoimation aftciuaids unit on in the usualmannci 


As this pccnliaiity constituted an evceptioii to Llic le^ulai 
coin sc of the pliscnonicnon, I ceased to leckon as soon as it 
shoned itself, and I ayiin ic established the cylinducal foim 
Ihc estimation of the tnnovvns onlyd< fnulivelycontniuod in thosi 
eases 111 Mlueh, aftei some pcisisleiiec m the cylindiKnl foiin, a 
single constiictiou only uns piodueed 
I icjieatcd the e\peiimcnt upon each of the fuo cyliudcis 
twoniy times lu oulei to obtain a mean loault As soon as one 
tiansfoimation Mas completed, I icunited the two masses to 
'll Inch it Ind given nsc> and again foimcd the cyliudci j, in oulei 
to piocecd to a nen mtusiue of the tunc 

ihe numbei oi seconds nio given belou oaih expusses Ihe 
time u Inch elapsed horn the moment ol the tiansloi malum ot 
the cyliiulei to that of the luptiueof tlu line these peiiods 
U(U cletci mined by nuans of a \\utch, ulueh beat the }ths ol a 
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25 0 

30 1 

50 6 

51 6 

20 6 

12 0 

730 

68 0 

28 0 
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73 (1 

30 0 

21 6 

61 0 

61 8 

21 8 

12 6 

()7 8 

5 J 0 

35 2 

33 8 

(00 

58 0 

270 

33 8 

(ij 6 

Of 8 

30 0 

20 2 

312 

60 0 

SO 1 

28 6 

6J 0 

52 6 

20 8 

32 0 

32 6 

55 2 

1 
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j 


Mcaix'^9" 59 M(auTo"3B 


* Wo shnll Roe la the lollowiiig Roiiea lo wimt lliln elngulnrinodirteiUloa la 
iho Dgnio 18 owing 

( i \m was oflt tU tl by conduoUng (bo laigo ni m l< nauln tlu. sniull (no I y 
means of the ling )f \\laeh 1 upolce in tbe inut iioto lo piuagiapb 10 hiH ma 
must be takoii to piov nt tbc iing on Rcpniating ii >m tbe lupijd flgino fioni 
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It IS evident that the mimbeis lelatnig to the same dmmctei 
do not diffei sufficiently fiom each othei to pi event oiu icgaul- 
mg the piopoition of the tuo means as closely appiOMmating 
to the hue piopoihon of the diiuitions Nou the piopoilion 
of these tuo means is 2 01^ « e almost exactly equal to I hat ol 
tlie two diameteis Moieover^ it is evident that in the cise of 
each of the lattei the gicatcst of the nnmbus obtained must coi- 
lespond to tint case uheic the cjlnnlti is foirnod in the most 
peifect mannci, conscqiicnilv it is piobable tli it the piopoitiou • 
of these tuo gieatcst mimbcis also closely appioximaica to tho 
hue piopoition of the duiahons Now, these two numbua au, 
on the one hand 36 4, and on the otliu 73 6, and then pun 
poition IS 2 02, winch numbci diflcis still less fioin 2, oi fioiu 
the piopoition of the dianielcis 

We may tliciefoic admit that the dtunhons i elating to tlicsc 
two cylindeis aie to each othci as then dmmctcis, wluiK( 
we deduce this law, that the pnihul chuation of the tmnsloi 
mahon of a cylindei of the same kind is in piopoition to its 
diametei 

I have said 61) that the law thus obtained would of itscH 
fuinisli a new motive ioi believing that it would not change i( 
om shoit cjlmdcis of oil wcic pioduccd in va(uo oi in an In 
fact the piopoitionahty to the diumctoi is the siniplcst possible 
law, and, on the othei hand, the cnoumslances unclei winch 
the pheenomenon is pioduccd aic less simple m tlie case ol the 
piesenceof the alcoholic liquid than fhey would be in tliat of its 
ibsence, consequently, if tho law changed fiom the hist to the 
second, it would follow that a simplification in the ciicmnstances 
would on the contiaiy induce a complication of the law, which 
IS not vciy probable 

We may therefoic, I think, legitimately gcneinh/c tho above 
law m accoidancc with the whole of the lemaiks made m the 
pieceding section, and deduce the following conclusions — 

I If wo conceive a cyhndci of meiciuy fin mod ui vacuo m 

cauyin^ iiwny '\vith it any poitopHblo quantity of oi]» foi this piuposc, iii'iltad 
of malung llio cntac iing ntlbcio to the gi al mags, 1 lift a Birmll poition ol tho 
Inttei ftee, and as its action then fimifJiuont to make tho lai^^o mass icjuh 
tlic otliaij I aided it by gently pushing tlio oil with tho oxyoniitj of iho tionit 
of tho synnge On witluhawing tho jing aftei tho lonnioii of the two nnnsis, 
only a \oiy hmnll spheiulc of ml SLpniatod fioin U in tho alooliolic liquid width 
in the next o\nouincnfc I again nm ted to thciosl of tho oil by moans ol ihoimg 
Itself, as also the hugest of tho sphcuikfl aiising fiom the tiansfonnnuon of the 
line 
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in an, of auflficient length to fiuniah sevual sphcKs, its convex 
siuhice being ctiUicly flee and its length such that the divi 
sions assume exactly then noimal lengthy the time which \h 11 
elapse fiom the oiigin of the tiansfoimation to the instant of the 
luptmeof the hues Mill be exactly oi appaiently piopoitional 
to tile diamctci of this cylindei 

2 T-he same veiy piobably applies to a eylindei founed of 
any othei veiy slightly viscid liquid, as Matei, alcohol, &c, and 
supposed to exist unclei the same ciieumstanccs 

3 It IS possible that this law is completely gcnoial, t e ap 
phcable to a eylindd foimcd always unclei the same encuin 
stances of any kind of liquid wliatcvci , but oiu cxpciimcnts 
lemc us in doubt on this point 

or Let us now entci upon the consideiation of the absolulo 
value of the time in (jucstion foi a given diamctci, the cylnulei 
always being supposed to be pioduced 2 /i vacuo oi in an, of sid 
ficiciU length to iiunish sevei il splmicb its cntiic convex suifaee 
lice and Us length such that its divisions uasumc lima noinud 
length It IS cleai that this absolute value must vaiy aecouling 
to the lutuie of the liquid, fm it evidently (Upends upon the 
density oi tlie lallei,iip()n the intensity of its conhgimng loiccs 
and lastly upon its viscidity Ihe expeumeuts which we have 
dctadecl give with legnul to oil a vciy i emote supeuoi limit, 
tins lesulls inst, (lom ihe two causes which we have men 
turned in § GI, and winch aie due 1o the picseiice of the aleo 
holie liquid but with fluse two causes is conntcLcd a thud 
winch we must nial e I nown If we imagme a cylnulei of oil 
fourud unclei the above conditions, the sum oi the lengths oi 
a constuction and a dilatation will meessauly he much gieaici 
in legaul to this cyhndci than in icgaicl to one oi om shoU 
cyluicleis oi oil of tlui Bume diameUi ioi m the foimci tins 
sum IS equivalent to the lengUi of a division , and in consequence 
of tlie gicat viseulity of the oil, this lattci rpmntity muni gieally 
exceed the length cuiicsponcling to the hunt oi stability Now, 
it may be laid clown as a pinuiple, that, all olliei things being 
equal, an mcicaac m the sum oi the lengths oi a ecmstuction 
and tt dilatation tends to lendei the tiausfoimation moie inpid, 
and consequenily to nbbicviate the total and paitial dinutions of 
the phmnomenon In fact, ioi a given dianictei, the rnoio the sum 
m question dilTeis fiom the length couesponding to the limit of 
stability, the moie the foicea winch piodiioc the tuinsftnmatiou 

von V i Aitx \xi 2 / 
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must act With cneigy, moieovcr, as tlic' iransfornmljou ocnscs 
to take place immediately above the limit of stability^ Iho <liuu- 
tion of the phienomenon may then be considered uh in (mile, 
whence it follows that when this Irnnt 19 exceeded, Uio dui'utHni 
passes fiom an infinite to a finite \aluc, consequenlly it numt 
deciease lapidly as it deviates fiom this limit; lastly^ this is 
also confiimed by the lesulis of obseivatioii, as we shall show 
hcieafter. Thus, even if it wcic possible to foun vi va( no 01* in 
an one of oui very ahoit cylinders of oil, eoiiseqnenlly to elimi- 
nate the two causes of rctai dation duo to the pieseimo of tito 
alcoholic liquid, the duiation relative to the cylinder would alill 
exceed that wdiich would lelato to a cylindci of oil of ihe sanu- 
diameter foimed undci the conditions wo have suj)|)OS(nh 

X have said that the pimciplc aliovc estublislied is eoiiliniu'd 
by experiment, t e foi the same diamclci, the same liquid, and 
the same external actions, if any exist, uhen limn any cause, the 
sum of the lengths of a constriction and a dilutation iiuginenl^, 
the total and paitial dm aliens of the trausloiinatioulieomuo less* 
We shall piocecd to make this evident In the oxpeumonts of 
thepieceding section, the partial duration volaling to the eyhndcr, 
the diameter of which was 15 nnllim8«, was tor iiislancc ahoul 
30 seconds, the mean, as shown by the table* Oousoijiienll}', d 
we wcic to fonn in the alcoholic liquid a similar cylinder of od, 
the cliametei of which is 4 millims, the pailial duiatuin of this, 
in viituc of the law which \vc have found, would be nearly equal 
X 4 

to — — =:8", Now, in the ncaily cylindrienl figure of‘ oil of 

§ 47 , which fignio IS also formed in the alcoholic Ihpud, the mean 
diameter was (56) about 4 millims, In this and thepieceding 
figuie, the diameter, the liquid and the external acliona tlicii me 
the same; but m the former, the sum of iJic lengths of Uie eon- 
stnction and the dilatation would only bo equal to 1 null mis 
X 3*6 = 14 4 millims., wdulst in the second, this sum, which h 
equivalent to the length of a division, was (§ 56) uppio\nnuUv(‘ly 
66*7 millims*; now on observing this latter ligme, Me leeogiuse 
easily that the duration of its transformation is untcli less tlmti 
8" 111 tiufcli, fiom the nature of the oxperhnenl, it Is iinpoa-* 

siblewith legaul to this same figuic, to fix upon Ijio conuncucc^ 
ment of tlie founalion of a given (‘onstiiution or dilataliou, ho 
that the complete duration should cousideuibly exceed that whu’Ii 
would b deduced by the simple inspection of the plMenonicnun ; 
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but the Httoi does not amount to one SLCond^ and thne cannot 
be any doubt that it ^vould be tjOiuf, too fai to e\tcnd the com 
ylcte duiation and a jo) lioi the poition a Inch tciminntcs at the 
iLiptiiio ot the lincs^ to tuo seconds thus in the case ^vc hivo 
just Gonsideicd, the sum of the length ot a eonstuelion and a 
dilatation becoming ibont torn and a half tunes gicatci, I he 
puitnl dmation beeomes at least fom times hss 

67 But if in Kcl omiig the absolute din ai ion m the cast ol 
one of oiu shoit (yluuhis ol mb only obi iiii with ugaul to 
this liquid one uppei hniit>and this much loo high^ thecylindei 
of meicuiy in ^ (^^Iueh cjlmdei is louned in the an, and the 
length of winch lu piopoition to the diamctci is Riinieicnt foi the 
divisions to ha\e assumccl euirily, oi veiy neaily, then nouniil 
Icnj^th), mil fuinish us, on the contiaxy, m legaid to this lattei 
liquid, with a limit Minch is piobably moio appiovimalivc and 
winch will bo vciy useful to us 
last, m tho case of this cylindei the diametei of which, as 
we liavc Saul was 2 1 nnllims the tiansfoimalion does not tal e 
place in a sufbcicnlly slioit time ioi us to estimate with unv cv 
aelitudc the total dmation of tin plunomenon 1 say the total 
dmatioiij because in so inpul a iiausfonnatum it would be very 
diilieult to detoimiiic the instant at which the i upline of the lines 
oceins lo appiovunate as closely as possible to tlu value of 
tine total diuation, I have hadieconisc to the following pioeess 
By suqccseivc iiuls, I iCj^iiluted flie beats of a metionomo 
in such a mannei, that on lapully iiusing, al the cwt instant ni 
whieh a belt ocoms, the system of glass sfiips belonging to 
tlio appaiaius seivnij, to foimllie cyhiidd (§ ^Oand 1) tlu sue 
ctidiiij^ bent appealed to me to conuide with the Uiminutum 
ol tlu tiiiusloimalion , then havin^^ hatisfud mys( U sevt ml Limes 
that tins eouKideiKi appiaud Miy (\a(t, I deUunined tho 
dumtion of tlu iniiival between two beats l)y eounting the 
osdllations made by the nifitiument cluun^ two mmule i, ami 
dnuling this tune by the nuinbci ol ose illations I thus lound 
the value loi the inteivul in (pustion Ihe total dmation 
of the Uansfoiination of oia cyhndei ol nuuiny may thcicfore 
bo valued appi oximatu ely at if 19 oi moie mmply, at 0'^ i 
But the entite corivcv suilaco of this cylnidei is not iieo, and 
its contact with the plate of glass must oxeit an influciue upon 
Its fluiation, both dncetly ns well as by tho incieaso whiolut 

2 7 2 
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produces m the length of the divisions. Let ua examine th 
influence m question under this double point of view. 

The direct action of tlic contact \vitli the plate la undoubted! 
very slight, for as soon na the tinnsformation commences, th 
liquid must detach itself fiom the glass at all the intervals be 
tween the dilated paits, so ns only to touch tlie solid piano by 
SGiios of very minute siu faces belonging to these dilated paits 
consequently, if the diiect action of the contact of the plate wci 
alone chminated, i. c. if we could manage so that the entire con 
vex surface of the cylinder should be fiee, but that tlic division 
formed in it should acquire the same length as bcforcj tlio lotti 
duiation would scnicely bo at all diminished. 

Tlicie still icmains the effect of the elongation of the divisions 
The length of the divisions of oiu cylinder is equal to ds‘35 timu 
the clmmetci 50), whilst, accoiding to the hypothesis ot th< 
complete fi ecdom of the convex sin face, this length Mould verj 
piobably be less than foui times the chametei (§ GO) ; noiv in virtiK 
of the piinciple established in the picceding section, tins iu 
Cl case in the length of the divisions nccessaiily entails n dmii 
nution in the duration, uhich diminulion is moio considerabU 
in propoition as it occurs in the vicinity of the limit of stability 
consequently, if it could be mniinged so that the elongation in 
question should not exist, the total diiuition would be veiy consi* 
derubly incicased. Thus the siippiossion of Ihc cliiect action oi 
the contact of the plate would only produce a very shglil dimi- 
nution of the total duialion ; and the annihilation of the elonga- 
tion of the divisions ivould pioducc, on the other hand, a very 
considerable incioase in this same duration i if then tlieso two 
influoncos Mcie simultaneously eliminated, or m otlicr words, if 
the entire convex surface of our cylinder were fice, the total du- 
ration of our transformation would be veiy consideiably greater 
than the direct icsult of obseivation. 

Now the quantity which wc have to consider, is the paitial 
and not the total duration; but under the same circunistnnccsj 
the first must be l)ut little less than tlic second , for ivhen the 
lines arc about to break, tlic masses betiveen mIucIi they cxtoncl 
even then appioximatc to the sphoiical form ; consequently, in 
accordance with the conclusion obtained above, wtG must Admit 
that ilic partial duration under our present conbideiaiion, i, c* 
that rofening to the case of the complete fteedom of tlie convex 
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stufacc ot the cylnidcij \^oiilcl still e\ccccl consuleiably the total 
dmatiou obsexvul ^ 0^^ 1 

In stnitin^ fiom this value 0^' i as constituting the louci limit 
coiiespondm ^3 to a dumetu of 2 1 iniUims the law ol the pio 
poitionahty of the paitinl diiiation to the diamclei will immc 
diately give the lowci limit couespondmg to any othu diamctei 
wc shall find, e (/ that foi G milhmctica this limit would be 

— bl — nioic simply 2" 

Is i 

If then wc imn^^ine a cyhndci of mciciuy a centimetic india 
mctci, foinicd in vacuo oi in an, of bufiicicnt length to fuuush 
bcvcial spheics, entuely fice at its convex: suifacc, and of sucli a 
Icn^^th that its divisions assume then noiinal length, the tiini 
whicli will elapse fiom the oiigin of the tiansfoimation of this 
cylindci to the instant of the uiptiue ol the lines will considei 
ably exceed two seconds 

G8 It will not be supcilluous to picsent lioio a lesuni^ ol 
the facts and laws winch the expenments wc have desoubed 
have led us to establish with lesjicct to unstable lujuid cylmdois 

1 When a liquid cylindci la loimcd between two solid bases, 
if the piopoiLion of its length to its duimctci exceeds a ceitaiu 
hunt, the c\aet value ot which is compused between 3 and 3 6, 
tlic cylindci constitutes an unstable hguie ol cquihbiium 

Die exact value in question is that which wc doiiomuiato Iht 
limit of ^tahihiy of the cylindu^ 

2 II the length ol the cylindei is consideiablc m piopoi tion to 
Us duimetci it beeonics spontaneously convci ted, by the luptuu 
ol equilibuum, into u senes o( isolated spheics, ot equal dm 
nictei, equally distant, having ilun (tutiis upon llu light hue 
foinnng the axis oi the eylmdei, and lu llu luteivals ol wlmh 
in the diieetion ol tins axis, spheiulos ol dineieut diaincteis 
aic placed except that each ol the solid buses letains a poitum 
ol a spheic adheieut to its smfuco 

3 I he couist oi the phu nonunon is as lollnws — I he cylnult i 
at lust giadually swells at those poitioiis ol its Icuglh wlucluiK 
situated at equal distances horn cadi otlici, whilst it beeonitfl 
ihuinci at the inLcuuediato poilions, and the length ol Iho dda 
fations thus fcimcd is equal, oi neailyBO,to thutoi th< consUic 
tioiis, these modihcations become giadually moic maiiccd, on 
suing with acecleuited lapidily, until the middle of the eonsliu 
tions Ims become vciy thinj then, (ommoncing at the middh, 
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the liquid lapullyictues in both diicctions^ still ho^^e\el kfuing 
the masses united t\^ o and by an appaiciitly cylincbical line , 
the lattci then expuiences the same niodihcations as the cyhndci , 
except that iheic aic in geiieinl only t\^o constuciions foimed, 
\\hich consequently include a dihtation between them, each of 
tlicsG httle consliictions becomes in its tiun eonvcitcd into n 
ihinuci line, which bieaks it two points and gives use to a iciy 
minute isolated spheiulcj whilst the abo^c dilatation becomes 
tiansfouncd into a laigei spheiule, lastly, aflci the luptmc of 
the lattci lines, the laige masses assume completely the sphencal 
foim All these phaenomena o(cm sj mmetncnlly as icgatds 
the axis, so that, thioiighout then duiation, the hguie is alnay^ 
a figuic of 1 evolution 

4 Wo denominate diviswn^ of a liquid cyhndci, tliosc poi- 
tions of tlio cyhndei, each of i\lneh must luimsh i sphcie, 
whcthci we conceive these iioi lions to exist in thecylmdei itself, 
bcfoie tluy ha\c begun to be appaunt, oi whethci we take them 
duiing the tiansfounation, z c whilst each of them is becoming 
modified so as to aiiivc at the splioiical foim The length of 
a division consequently me ism es the constant distance wlneh, 
cliuing the tiansfoimation, is included between the necks of two 
adjacent constiictions 

Moicovei, by noimal length of llu divtsionsy wc denominate 
that winch fhc divisions would assume, if the length of the 
cyhndei to which they belong wcie mfinitc 

In the case of a cyhndci winch is limited by solid bases, the 
divisions also a‘^sumo the noimal length when the length of 
tlio cylmclei is equal to the pioduct of this noimal length by 
a whole niimbei, oi lathei a whole niimbci and a half Ihon, 
if the second factoi is a whole numba, the tiansfoimation be- 
comes disposed in such a mannci that chmng its aecomphsh- 
ment the figuic tciminatcs on one side with a constiictiou, 
and on the othci with a dilatation, if the second factoi is ctnn- 
posed of a whole numboi and a half, the figiue tciminuLes on 
each side in a dilatation When the length of ilie cjlmdci lul 
fills neitliei of these conditions, the divisions assume that Idigth 
wliieh iippioximales the moat closely possible to the nonnnl 
length, and the Li aiisfoi mntioii adopts that of the 4\o abo\e dis 
positions winch is most suitable fui the attamineut of this end 

'j In tlio ease of a eylmdei of a given duimetei, tlu noimal 
length ol the divisions laiies with Ihe uatmc ol the liquid, and 
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with ceitain external eucumstanocs such as the piesence of a 
suuoiniding U(|uid^ oi the contact of the convex siuface of the 
cylmdci with a solid plane In all the subsecpient statements 
M c sh dl tnl G the simplesi easc^ i e that of the absence of ex 
teinal ciicnmstaneea m other woids, wq shall ah^ays suppose 
tint the cylinders aic piodru ccl tn vatito or in aii^ and tint they 
aie free as icgaidstheu entne convex siulaeo 

G Iwo cylmdeis of dilFeient diamctcis, but formed m the 
same hquid, and the lengths of Inch arc such that the divisions 
assume in each of them then normal lengthy hi come subdivided 
in the same manner z c the respective normal lengths ot the 
divisions arc to each other as the diameteis of tlrese cylinders 
In other nor els Mhen the nature of the liquid docs not cliange, 
the normal length ol the divisions ul a cylmdoi is proportional 
to the diameter of the latter 

Iho same consoqueiitl) applies to the diameter of tlie isolated 
spheres into winch the normal divisions become conveitcd^ and 
to the length of the intervals which separate ilicso splieics 

7 llu piopoition of the normal length of tlu divisions to the 
diametci ol the cyhudci alvvaj s i xeecds the limit ol stability 

8 Ihis piopoition 19 greater as the liquid is more viscid and 
as the configuiing loiees m it are weal er 

In the case of a eyhndei of nuKiiiyj this piopoition is 
much less than and vve may admit that it is less than 4 

In the case of a cylmdti composed of any otlui very slightly 
Msoid hquitl, such as vvatcij alcohol, ^^e ,il is vciy piobable ilmt 
the piopoition m question is very nearly I Hence, ni the ease 
of the latter lupiuls vve haM for the probable appioxunuiive 
value of the piopoition of the diametci ol tlu isolated spluics 
icsuUmg fiom the tiimsfoimaticm and the chametei ol tlu lyhn 
del, the numbei 1 H2, and loi iluil ol the piopoition of the 
distance of two adjacent spheies to this same duimetei, the 
numbei 2 18 

LO If mcieuiy is the b(]Uid, and the divisions have then nor 
inal length, the tune which elapses between the oiigm of the 
tiansfoimation and the mslaut of the i up tun of the lines, is 
exactly or nppaiently piopoitional to the diametci of the 
eylindci # 

Ihis law voiy piobably applies also to caeh of the olhci vciy 
slightly viscid IkjukIs 

I his same law may possibly be gcneiul, ? o it may be appli 
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cable to all liquids , but oui expeiiments leave this point iinoci- 
tam» 

11. For the same diameter, and when the divisions arc nl\vny« 
of theiv noimal length, the absolute value of the time in qucstitn^ 
vanes with the natme of the liquid, 

12. Ill the case of mercuiy, and with a diameter of a centi- 
metie, this absolute value is considciably moic than two seconds* 

IS. When a cylindei is foimed between two solid bases suili- 
ciently appioximated foi the propoitlon of the noimal longtii of 
the cylmdei to the diameter to be compiled between once and 
once and a half the limit of stability, the tiansfoimation given 
only a single constiiction and a single dilatation, no then ob- 
tain for the final result, only two poitions of a sphere which aio 
unequal m volume and cuivatuie, respectively adherent to solkl 
bases, besides interposed spheiulee. 


Ap2)hc(iHon of the pi opm ttes of liquid cplmde 7 *s , iheoTy of thv 
comtituhon of liquid veins emitledfiomcirculm aperlure^, 

69, Let us now pass to the apjfiication winch we have an- 
nounced of most of the above facts and laws, 

Let us consider a liquid vein flowing fiecly by the action of 
giavity from a ciicular oiifice peifoiating the thm wall of tho 
hoiizontal bottom of a vessel. The molecules of the liquid 
within the vessel, v^hich flow from all sides towards the oiiflcc, 
as we know, still retain, immediately after their exit, direction ^3 
which aie obhque to the plane of this ouflcei whence tbero 
pioduced a lapid constriction of the vein, commencing at the 
oiJfice and extending as far as a houzontal section, which luia 
een impropeily denominated the conti acted section. When 
the molecules have aiiived at this section, which is very nenr 
the oufice, they all tend to assume a common veitical direction 

ve Lr to the height of the liquid m tlio 

vessel, and they me, moieover, uiged m this direction by Ihoir 
individual giavity. Hence, supposing the oiificc to be cifcidur 
t ie vein commencing at the contiacted section tends to Ibrm J 
almost perfect cylindei, of any length; but this form is modified 
as we now know, by the acceleration nhich gramty impart! ! 
Iho ve,.„,, of ,Ho and the d,.,„ote, of % vc ^o, 

Of being everywhere the same, decicises more or La in pro no 
tion as we lecede fiom the contiacted section. ^ ^ " 

If the causes which n c have detailed m c, e alone in action, tl.c 
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^vcin Mould appeal simply moic and moie nttenuatod in pio 
poition as it IS consulcicd moic distant fioin the conti acted 
sechon without losing cithex its limpidity oi its continuity 
ilut it lesults fiom om expcnmcnts that a liquid figuie of 
tins kind, the fmm of Mhieh appioximates to that of a vciy 
elongated c>hndei, must become tiansfoimed into a sciics of 
isolated spliciea, the ccntics of uluch aie anangecl upon the 
axis of the ftgiue In fact, Me have hue a liquid submitted 
to the action of ginvity, but it is evident that dmin^ the (ict 
descent of a liquid, giavity no longci picscnts any obslaclc 
to the play of the moloeuhu atiiactions, and that the latlei 
must tlion exeitthe same coiihginnij^ actions upon the mass 
as if this mass neic fice fiom giaviij and in a state of lest 
this IS the mannei ni uhich, fm instance, diojis of inin, dm mg 
then fall acqinie the spheiical foun But, fm the pieceding 
conclusion to be pcifecUy iigoious, it Mould bo icqinsilc fm all 
jnuts of the mass to be actuated by the same vclocitj, which 
is not the case with the vein, mc can, howevei, und( island 
that, although this diikience may lie capable of piuducmg 
some modifications m the pluenomenon, it cannot pi event its 
pi eduction 

I ho liquid of the vein, theicfoio, dimng its movement must 
neccssniily giadually foim a sc lies of isolated spheio Jhit as 
tins liquid is conatanllv bung icuewed, the pimnmmnon oi 
tianafmmation must also continue lobe lonewed In tlu second 
jilace, as each pm lion oi the liquid begins to be subjected to the 
configming fmcos as soon as it foimsapailot the unpcifect 
cylindu which the vein tends to foim ^ c iioin tlu moment at 
wineli it passes tlu conti acted section and subseqiu ntly u mams 
dining its com St nndci the eoutuuiul action ol these louis, it 
IS evident that each of the (hvinonso[ the vein must lu gin to be 
foimccl at tlio contiacUd section and to descend, conveyed by 
the movement of linnsluenee of the liquid, modifying itself by 
degieos so as to amve at the siaU of an isolated spluie lie nee 
it iollows tbni at any given instant the divisions ol the vein 
must exist in a moic advanced phase ol tianslounation lu pio 
poition as they tuo consulucd at a gieuUi chstamo fioni the 
conti acted section, at least as fni as that at winch tlie tiansfm 
mation into spheies is eompleuly t tied eel irom the oufice to 

Iho distance Mhue the scpaiatimi of tlu masses oeems, ihe\cm 
must evidently be eontinuouB but at a giealci disiauec, tlu 
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poitions of liquid winch pass must be isolated from each 
other 

If, then, the movements of the liquid, both that of translutiou 
and that of transfoiination, weie siifBciently slow to allow of oin 
following them with our eyes, the vein would appear to be formed 
of two disUnct paits, the one suiicrior and continuous, the othoi 
infeuor and discontinuous The surface of the former would 
piesent a seiics of dilatations and conatnctions, which would 
descend with the liquid, becoming constantly renewed after • 
passing the conti acted section, and wdiich, although very feebly 
indicated at their origin near this section, would become inoie 
and moie maiked duiing their movement of tiansforence, the 
dilatations becoming more piominont; and the constrictions nar- 
lowei these divisions of the vein arriving one after the other, 
in their gieatest development, nt the lowoi extremity of the con- 
tinuous paifc, \voiild be seen to become detached from it, and 
immediately to complete then assumption of the spheiical form* 
Moreovci, the sepaiation of cacli of these masses would neces- 
sarily be pieceded by the foimation of a line wdnch would lesolve 
itself into spherules of diffeient chameteis, so that each isolated 
spheic ’Would be succeeded by similai spheiides* The discon- 
tinuous pait of the vein wmuld then be seen to consist of isolated 
sphcies of the same size and of unequal spherules arranged in 
the inteivals of the foimei, both of them being co^^eyed by the 
movement of tianslation, and being unceasingly renewed at the 
extiemity of the continuous pniL 

NowSavait^s beautiful investigations'^ have taught us that 
this IS, m fact, the real constitution of the vein , except that 
under oidinaiy ciicumatances an extiancous cause, W'hich w^'as 
also pointed out by Savait, moie or less modifies the foim of the 
divisions of the continuous pail, and alteis the spheiicity of the 
isolated masses composing the discontmuoiia pait^ but Savait 
has given the means of excluding this influence, of which we 
shall speak heieaftei* 

70, Now as tlie movement of tiansfeienco is too rapid to allow 
of the phaenomena which aie pioduced in the vein being iccog- 
nised by dnect obseivation, ceitam peculiar appeal nnccs ouglit 
to be the lesult of this* We must leineniber licjie, that when a 
liquid cylinder becomes icsolved into spheies, the lapiddy wath 
which the transformation takes place is ncccleialcd, ahd conse- 
* Jiwalei de Chtmte ei de PhtjiytquCj 1833 * 
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quently at the commoncomont is cxticmely small In coiisc 
quencc then of this mi^jinal minuteness aiul of the ^ do city of 
the movement of tiansfcience m tlu vein the dfeets of the gui 
dual ti an sfoimati on cinnot bc^^in to betome obvious until n 
gicatci 01 less distance fiom the conti acted section Ins been 
attained Up to this distance the lapid passage of the tlilata 
lions and constiictions befoie the eyi cuinoi gi\e use to anj 
cftect visible to the simple bight, so th it this poitiou ot the\(in 
Mill appeal in the foim uhi( h it would aflect if it Imd no tciuh iicy 
to become divided Beyond this distance the dll itutions u ill 
begin to acquiu consulciablo development the V( in will appeal 
to couimue cnlaiging until anotlui distinci has bitn attamod 
bejond which the chametci Mill appeal constant Such is^ in 
fnet^ as the obscivations of Savait have slioun, the foim pie 
sented to dnect obsLivation by a vein withdiawn fiom the in 
fluence of any distiubing cause 

I astlyj \\Q 1 now that fiom the oiiflce to Iho point at uliieh il 
appeals to begin to cnlaigi, the vein is seen to be limpid uliilst 
fmthci on it appeals moie oi less tuibid and Sa^aithaspn 
fcelly c\])lamed these two di(l[eunl aspects^ as also some othci 
cunous appeal ancea uhicli the tioubled jnit picscnts, by uttu 
bating the limpidity of the iqqioi poition (o tlu slight clovi 
lopmoni of dilatations and constiietions which aie piopa^atcd 
111 it and the iiubulily as also the otliei apptaiances of the 
leinaindei of llio ^eln to the lapid passage hefou the eye, al 
fust of the dilatations and constiietions which havo become 
rnoiG mail ed tluu lowci duwiij ol ilu ibohitcd sphuios and llu 
Intel posed spheuilcs We must lelei hn thi details to tlu 
memoii cpioled above 

7 l But we may go fuitlui two eonseepic lu es spiing din oily 
fiom oiu explaiiatiem of ilu (onslitulioii of ilu vein In the 
hist place as ilu divisions luconu iiauHloiined duung tluu 
dosceui, it 19 deal that the spate tuwciHcd by a division eliuing 
the time it is efTeeting a given pait o( its liansfounatioig will bt 
as much giealci as it deset mis nunc lapidly, oi in oUiei wouls, 
as the chaige i e the height of the hqnul in the sesstlj is moie 
eonsKlciablt whence it follows cleaily, thal, the ouflcc being 
the same, the length of the continuous pait of the vein must m 
Cl case w ith the t haige Now ihiB lias In en eoiillimcd by Savai t s 
obseivntions In tlu second place, Binec the liansfoimation of 
a e^hndei ib slowei in pi open turn to the bi/c of its clmmctei, the 
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time Mluch a division of the vein will occupy in effccUiifi; any 
one and the same pait of its tiansfoimation, will be as mucliloiig<‘r 
as the vein is thicker^ whence it follows^ that if the rapidity ol* 
the flow does not change, the space winch the di vision will tiU'* 
verse during this time will be as much gi eater as the diumntor 
of the onfice is gicater, consequently, for the same chaigOy Uk* 
length of the continuous part must inciease with the diamelm oT 
the oiifice, and this is also verified by the obseivalions detiulrtl 
in the memoir quoted. 

With regal d to the laws which regulate these vaiiations in (liti 
length of the continuous pait, Savarfc deduces fiom his observa'* 
tions, \ihich were made by employing veins of v\tttcr, that lor 
the same onfice tins length is nearly piopoitional to the sijuau* 
loot of the chaige, and that foi the same cliaige it is nearly ni 
piopoition to the diameter of the onfice. 

Let us now examine whethei these two laws also enimuUo 
fiom oui explanation 

72 Imagine for a moment that giavity ceases to act upon IIh' 
liquid as soon as the latter passes the contiacted section. Thon> 
commencing at tins section, the lapidity of tianslatiou will nun- 
ply be that which is due to the charge, and the value of whu^li, 
as we know, is g denoting gravity and A the cluugr, 

Tins velocity will be uniform, consequently, if the vein hiul nn 
tendency to divide, it would remain exactly cyhndncal thiough- 
out any extent (§ 6 y). Now all paits of the liquid being nohi- 
ated by the same velocity of tiansfeience, this common move- 
ment cannot cxeit any influence upon the effect of the configuuug 
actions; so that, for instance, the gradual modifications winch 
each of the constrictions undergoes, and the tunc which it takcH 
111 then accomplishment, will be independent of t)ie lapuhty uf 
trnnsfeiencc. 

This admitted, let us considci the infinitely thin section winch 
constitutes the neck of a constuction, at the moment at uliudi 
it quits the contiacted section Tins section will descend u'Uh 
a constant velocity, and at the same time its diameter will (con- 
tinually diminish until the constuction to which it bolongn 
becomes tiausformed into a hue, and then the section in qiU’H- 
tion will occupy the middle of this line, the hnc will bocoino 
disunited, to be convcitcd into spheiules. As Me have shouu 
above, the time employed in the accomplishment of these plur- 
nomena, and during which tlie liquid section \vc have eon- 
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sideicd has tiaveised the distance ( ompused bct\A ecn the con 
li acted section and the place ^^hlGh the middle ol the line occu 
pies at the piccise instant of uiptuie is mdependeui of the vdo 
city of tiansfeicnce consequently if the diainctei ol the oufice 
docs not change tins time \mI 1 be eonstant wliatcvci may be the 
clmige Now nhen the movement is iiiiiloim^ iiie spaec tia 
veiscd dining a deteimiuate time being in piopoition to the 
velocity, the abovc^distance will be in piopoition to 
consequently to Vh As wc shall ficquenlly lum occasion to 
make use of tins distance, we shall icpiesent it, (oi the sake of 
bi evity, by D 

Now it is casilj undei stood that in oiu vein the len^ili of 
the continuous pait docs notdillci sensibly liom the distance D 
In fact, tlic continuous pait tei minutes at the e\aet place at 
which, in cadi line, the most elevated of the points of luptuie of 
the lattei is pioduccd foi at the instant at which the luptine 
tal es place the phases of tiansfounation of all lliai \m lion which 
18 above the unit in qucBtion aiclcss ad\anced (§ 69), ami iheic 
foio il still possesses contnnnly whilst uU that below tins point 
IS nc( essai ily uli eady diseonlinuous 1 bus on the one hand, tin 
eontiuuons pait of the \om commences at the oiihce and tcimi 
nates at the place at which the most chvated point of luphne 
of each filament is jnoduecd and on the oLIk i hand, the distaiuc 
13 commences at the conti acted scf Uou, and tcimnmtes at the 
lioint coiiespoudmg to the middle of the length of each of the 
lines at the instant of then rnptme Ihe conlmuous pait lluu 
takes its ongui latiui highci up, but also Iciininaies a little 
above the distance 1), the difTcitucc m the oiigins ol tluse two 
magnitudes and that of then tciminations must consequently 
paitiallv compensaU each otlui , and as itu si difleienecs aie both 
veiy minute fhc excess of one ovei the othci will ti /o)lt07i be 
veiy small, so that the two mngnitudes to which they lefei may, 
as I have stated, bo icgaulcd, without any sensible cnoi, ns equal 
to each othci 't In \nLu( of this equality, ilie length of the (on 
iinuous pait of the vein winch wc aie {onsidenng will then ap 
paicntlj follow the same law ns the distamel), i e it will be 
vciy ncuily piopotUonal to /A 

J hus m tlic i^iaginaiy case of unifoi m velocity of tiansfoicncc, 
wc again lecognise the (list of the laws given by Savait Now 
it IS clem that in a leal vein the velocity will deviate fiom 
* U u lui)l iccui to tlnfl p > 11 1 luul vih\\\ tlitn Cti(ab1i»]i II nioio doni!) 



G82 PLATIi.AU ON TIIJD VllJluK OMENA OE A FllEE LIQUID MASS 

uniformity SO much the less as tlicchaige is gi eater, whence we® 
may mfei, that for sufficiently gieat chaigcs, the length of the 
continuous part of the leal vein must still exactly follow this 
law* We shall^ moieovci, clcmonstiate this in n iigoious inaiinoi 

73 Let us then take the ical case, t e, let us consider a voiii 
submitted to the action of giavity, in which consequently the 
movement of tiansfeicnce is acceleiated* Then the velocity 
possessed, after any time i, by a hoiizonial section of the liquid 
conveyed by the movement of tiansfcicnce, ^^ill have for its value 
the first teim lepresenting the poition of the velo- 
city due to the charge, the second the poition due to the action 
of gravity upon the vein, and t being leckoned fiom the moment 
at which the liquid section passes the contacted section. It 
must be home in mind, that in viilue of the acccleiation of the 
velocity, the vein, if it did not become divided, would continue 
to become indefinitely thmnei fiom above dowiiwaids (§69). 

This admitted, let us imagine that another vein of the same 
liquid, jdaced under the imaginaiy condition of the picccdmg 
paiagraph, flows off with the same chaige from another orifice of 
the same diametci, m the same time as the true vein 111 question* 
Let 6 denote the time occupied by this second vein in tiavcising 
the distance uhich we have denoted by D, i e, that which la 
cornpiised between the instant at which the liquid section that 
constitutes the neck of a constiiction passes to the contiactccl 
section, and the instant of the rupture of the line into vhicli 
this constiiction becomes tiansfoimed. In the expression of 
the velocity lelative to the fiist vem, let w hich gives for 
this velocity, aftei the time 0, the value in othei 

woids, let us consider the velocity of a liquid section belonging 
to the tiuc vem, after the time necessaiy foi a section belonging 
to the imaginaiy vein to have traversed the distance D, Accoid- 
ing to what we have seen in the picceding section, if the oufico 
remains the same, this time is constant whatcvci the cluugc 
maybe, so that in the above expiessioii the term lemains 
invanable when h is made to vaiy. Hence whatcvci may be the 
value of we may suppose the chaige A to be sufiicicntly large 
for the term V to be veiy gieat m pioportion to the term 
and that the latter consequently may be ncglecjpd without any 
sensible eiioi. In the case of a value of h uhich will leahzc this 
condition, and aforhon m the case of all still greater values, 
the velocity of a section of the tiuc vein duiing the time 9 may 
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^be logaulcrt as constant and cqiul to th it of a section of tli< 
imaginaiy vein so that thiou^hout the aiiiie space iiavcised 
by the hist duiing this time commencing at the conti acted 
section the leal vein if it did not become di\idcd^ nonld pic 
sei\e exactly the same diameloi^ and might be ic^ udod as iden 
tical iMth the imaginaiy vein also assumed to be fico fiom 
diMsions 

Now it iiocossanly follows fiom this appioxnnative idenliLy> 
that duun^ the tune Q tlu same will appaicntly oicin in )il t 
mannci in both veins consequently the time 0 will be Miy 
neaily that whiclg in the tuic xcm, the lupnd seotion cone 
sponding to llie neel of a constiietum would employ in accoin 
phshing the modihcalions wlucli w( have consideied and tlu 
sj^acc which it will tiavcisc dmin^ these modifitatioiiB maybe 
legal ded as equal to the distance 1) lelative to the imagnuiy 
vein 

Now as the eoutinuoiis pait of the tiue vein teiminatcs a little 
below this spacc^ and is consequently nu hided m the same poi 
tion of the vein it follows iiom the abo\( appio\imativc idenlily, 
tint tins continuous pait will be exactly equal in length to that 
of the imnginaij vein and thciefoie eommciuing with tlu least 
of tile chaiges <onsule»ed above, tlu lengths of the (outinuous 
paits of botli veins must be vciy neaily governed by tlu same 
law 

We auivc then, lastly, at tins conclusion that foi the same 
oiificc, and coiiirneming with a low but suflieunt clmige, the 
length ol the eontmuous pait of tlu tiuc vein must be in pio 
poition to the squaic loot of the chaigc 

In aecoulanec witli the pieeedin^ cUmonstiatiou tlu low 
clmigc in quesium is that at whuU the move meut of UansfiKuee 
ol the liquid begins to leniain appauntly uniloim m all thal 
poition of the iiiie vein wlueh is (ompiistd between the con 
tiacted section and tho point oeeupied by the middle of each 
Imc at the instant of luptme, hut as the extieimty of the eon 
tmuous pait is vciy hi tie distant fiom this pomi 7 've 
may uogloct (he small difleicncc, and say simply that the low 
chaige in question is that which begins to icndci the movement 
of liansfeienee (jf tlu liquid exactly umloim as fui as the ox 
ticmity of I he continuous pail of the vein 

Ihus, undei the condition of a low chaige sufiieient to pio 
dtice this appioxiinalive umfennnty, which coiuhtiou iB alwaya 
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realizable, the law indicated by Savart as ostnblishmg the i ela- 
tion between the length ot the continuous paiL and the chargOa 
necessarily follows fiom the piopeitles of liquid cylinders. 'I'o 
discovei whether this law is also hue when wcakci charges uno 
employed, ^ve must stait fiom other considcralions ; but it is 
evident so lai, that if m the latter case the law is difibionU it 
must at least necessarily converge towards the piopoiLionaliLy lu 
question, m propoition as the cliaige mci eases. 

We must lemaik hcie, that in the case of a given liquulj thu * 
chaige with which the vein begins to exist under the coudifcicm 
which we have detei mined, must be as much less as the diainetiu* 
of the 01 ifice 18 smaller In fact, since, all othei things being 
equal, the transformation of a liquid cylinder occurs with i\ 
lapidity piopoitionate to the diminutum in size of the duunolm* 
of the cyliudei, it follows that the value of 6 mil chmnush w ith 
the value of the oiifice, and therefoic the smaller the lalter 
IS, so much the less will the value of A become to allow ol' the 
teirn m the expiession \/ 2///H //0, placed at the commence- 
ment of this section, being neglected in compaiison with the 
teim and consequently foi the vein to exist under the 

condition in question. 

Moieovei, as the time 0 varies with the nature of the liquid, 
the same will necessanly apply to the chaige under considcintinii. 

7 4 Let us now investigate the second law, namely that winch 
establishes the appioximative proportion ol the length of Llu‘ 
continuous paitof the vein and the diameter of the oufice, when 
the chaige lemains the same. 

Let us resume, foi an instant, the imaginary case of an abso- 
lutely uniform movement of tiansforence The vein, leaving its 
divisions out oi consideiation, will then constitute a tiuc oyliiulcr 
commencing at the con ti acted section (§ 7^)» which cylinder wnll 
be foimed in the an, and the entiie convex surface of which will 
be free, moieovei, as the movement of tiansfeience of the liqtutl 
does not exeit any influence upon the effect of the configuring 
foices (§ 72), and as theie is no extraneous cause teiuhng U> 
modify the length of the divisions, the latter will nocessuiily 
assume then noimal length It is evident, therefore, tlmt ex- 
cepting that the foimation of its divisions is iY)t simultuneouH 
(§ 69), om imaginaiy vein will exist undci exactly the same cir- 
cumstances as the cylindeis to which the laws lecapitulati'd in 
section 68 refei , consequently, if w^c consider m puiticular one 
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of the constuctions of this vein it muat pass thiou^h the same 
founs and acoomplish its modilications in the same time ns any 
one ot the constiictions ^^hlch \^^)uld icsultliom the Uuiisfoimn 
tion of a cjlindei of the sumo dmmetci as the vein, foimcd of 
the same liquid and placed undci the conditions in question 

Now m the case of a cylmdei of nieuiu} the time conipiised 
bchiecn the on^iix of the tiansfoimtilion and the instant of the 
luptine of the lines is, in aecoidance uith one of oui 
exactly 01 appnienlly m piopoition to the dininctei of the cylin 
del and it is ch ai that this law is equally iippheuble to any one 
of the consiucUons lu pailieuhi oi even 8 un])lj to its ueelc, m 
to the entue fi^uio If then, we suppose oiu imaynmy vein to 
be foimed of ineicuiy, the tune wliicli the neck of each of its 
const! ictions will occupy in ai living, at the instant of the i upline 
of the line will be exactly oi nppnicntly in piopoition fo the 
diametci winch tlie vein would possess if the divisions in it wcic 
not foiincd, i e to that of the conti acted section Now as tlie 
cyhnducal foim of the vein supposed to exist without dnisions 
only bcj^ins at tlic coniuicted section, it la only fioin thm pait 
thal the (011(1^,111111^, actions ausing fiom the instability of tins 
cjhiuhical (01 m coiiimenee We must Ihcicfoie atlimi that the 
liquid section which consUtules the neck of a (onsLiietion docs 
not begin to imdeigo the inodifuations winch uault horn the 
Uuusfounation until the lUHlanl at w Inch it passes the conti a( t( d 
section thus the inUival undci consult lalioii coinmeiues at 
this veiy instant 

Hut tins nUci vul, compiiscd between the insiimt ut which tlic 
liquid section of which the neck of a (OusliicUon is funned, 
passes the eontuuted stttion imd tlu inslmit of the uiptinc of 
the hue into wliuli this eonstiuUon httomts eonMilcd, is iffiit 
which we luue chsignattd by 0 and m which llu liquid sedion 
iiuvdsts the distance J), in oui iiimginuiy leui of ineieiuy, the 
tunc dwill llieieloifl Ik m piopoilum to the dmmelei ol the 
eouti acted section 

Now we 1 now that lu a liquid \(ui, tlu dianulei ol tho con 
Uachcl acetiou may be itgtiuled m piopoitional to thal of the 
onliec when the luttei exeettls 0 millims , uud that above this 
limit the piopqiliouahty docs not altei veiy appiecmbly except 
when the dininctei of the oiifice becomes less than a milhmetic'f 

lu ful tl>o icfiiiltB (bUiiuotl 1 )) n«(h tio ^]) w (A ju th Chtm ctdeJ hm 
t 111 |) 78 ) flint when Ih dmmotoi of 1)10 oiilico in equal to 01 gioalor Innii 

\or V 1 Viu \\1 3 A 
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Moieovei, fls this altciation attributed to the influence which 
the thickness of the edges of the orifice, althougii very slight, 
exerts, it is probable that it may be micleied still loss by em- 
ploying, as Savart has done, onficea expanded oiitwaidly, and 
which may be shaped so that then edges may be veiy sluup. 
Thus, Mitli piopeily made orifices, wc may undoubtedly admit, 
without appreciable eiroi, that commencing with a diametci 
equal at most to a milhmctie, the diametei of the conti acted 
section is propoitional to that of the orifice* 

Hence, as the length of the continuous part of our imaginaiy 
vein is m piopoitioii to the diameter of the conti acted section, 
it will also be in pioportion to the diametei of the oiiflce, at least 
staiting fiom a low value of the lattei, which must not be much 
less than a millimetie* 

We have only considered the case of mercury^ but the prin- 
ciple with which we set out, e* the piopoitionahty between 
the paitinl duiation of the tiansfoimation of a cylinder and the 
diameter of the Uttei, veiy piobably applies also, as we are 
alieady aware, to all other very slightly Viscid liquids; conse- 
quently, in the case of any of the latter liquids, it is very piobable 
that the length of the continuous pait of the imaginaiy vein 
will also bo in piopoition to the diameter of the oiifice The 
law may also be true m icgaid to all liquids ; but It may be the 
case that tins general application does not hold good. 

If we now pass fiom the imaginaiy to the true vein, we havo 
only to suppose that the value of the constant charge is suffi- 
ciently considerable to allow of the condition assumed in the 
pre<‘eding section being satisfied tin oughoiit the enthe extent 
w^ch we assign to the vmiations m the diameter of the orifice, 
so that, for each of the values given to this diametei, the con- 
tinuous pait of the true vein is appaiently of the same length ns 
that of the corresponding imaginaiy vein. The law nlncli legu- 
lafes this length may then be legaided as the same in both Kinds 
of veins. In accordance with the two icmaiks teiminating tlie 
preceding section, it is evident that if the common chaige fulfills 
the condition in question with legaid to the gi cater value as- 
signed to the diametei of the orifice, it will forttoH fulfill it 
With legard to all the otheis 

10 m lilt ms,, the mean piopoition of the clin'iieler of the conti noted flection to 
that ot the onfice is 0*78 , tliat in passing fiotn 10 ni linns to I mill an , tlio 
piopouion only inciea^es 0 , and lastly, when the dnimotel is equal to 0»5G 

imllini , the proportion becomes 0*88 
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We aie theiefoie led to the following definilive conclusion — 
In the cfise of meicuij^ and vci} piobably also in that of all 
othei veiy slightly viscid liquids, such as u itei, ifloi the same 
cliaigG in Cl eising values aie given to the diametu o( the oufice, 
fiom a value slightly less than a milhmctic to some othci detei 
m mate value ) and if the common cliaige be sulhdcntly gicat, 
the length of the continuous pait of the vein will he piopox 
tionate to the diamctci of the oiifice 

Ihis conclusion la pci haps line in the caac of any liquid what 
aocvei , but the elements foi dcudnig this quobtion mo u anting 
fhus, vMth the icsinctions contained in the above cuuncia 
lion, the second law given by Savait u suits luecssauly horn the 
jnopeitics of liquid cylmdeis, and it is also evident, tint il, m 
the case of a common mconsideiable chaige, the law b( comes 
modified it must appioximale towauls that of Savait in piopoi 
turn as tlio value given to this ehuigc is gicatci 

75 We saul (note to § ^ 2 ) lli it wc should letiun to the closely 
a])piovimative piinciple of equably between the length ol the 
continuous jnit of an imagnuuy vein and the eouespoiuhng 
dislaiue 1 ) m oulei to establish tins piineiplo moie cleaily, v\c 
shall now do this 

I efc I be tlie length of the continuous pait, and C the pmtion 
common to tins leiit^lh and the distuiee J), let also <? he tlu in 
teival between the ougins of the lengths I niul D^t e the small 
distance compused betw ten ilu oiifice and the couiiacted see 
lion, and lastly let t bo tlic intcival between the tmminatiuns 
of these sime lengths, t e the distance (ompiised between the 
nppei most point of Uu uiptine of the line and the middle of 
tins hue wc shall the n have 

I I V 

D^C I 7 

eonscqucnlly 

J ---Dcs*,— 

whence 


I oL US now fust appioNim itively value the quantity z lu fho 
case of fiom» paitieiilai h(|uid and let us again take nuieuiy 
Aftei vvhai was sliown at tlu cominenoemcnl of the pieecding 
section, the length of the divisions of an unaginaiy vein is equal 
to the noimal length of those of a cyhndei of the aame diamotoi 

3 A 2 
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and of the same liquid which uould be formed in the air, aiul 
the entile convex surface of which is freej now m the case ol 
meicuiy, we know that the piopoition ol this norinal lenfijtli to 
the diameter of the cylinder must be leas than d ; consetjutaillyi 
in our imaginary vein of mercury, the jiioportion ol tho^ length 
of the divisions to the diameter of the contiactcd section will 
also be loss than 4 , but in our state of ignoianrc ol the c\ucl 
value of this piopoition, ue will first supiiosc it to be cfjual to 
the above mimbei\ If we then denote the diameici ol the con- 
ti acted section by /c, the diameter of the isolated spheies com- 
posing the discontinuous part of the vein will be (§ (>0) equal to 
1*82* A, and the length ot the inteival between Ino successhe 
sphcies will be 2*18 ♦ h But the line into uhich a eonsliietion 
IS conveited la nccessaiily ahoiLcr than this inteiviih for so long 
as the luptiue does not take place, the two masses umted 
together by the filament must still bo slightly elongated j and, 
nioi cover, each of them must piesenl a slight oloiiguiion of the 
line, so as to be connected to the lattei by ooncavc eurvaluiUH, 
Judging fiom the compauson of the aspects pi cseii led inline- 
dmtely after the rupture of the line, and after the entire coin- 
pletion of the phasnoinena, by the figure icsuliing from the 
transformation of one of our short cylindeis ol oil (sec figs* 2H 
and 29), I should estimate that lor each of the two masses con- 
nected by a line, the elongation towards the U\tiQvj)lus the slight 
concave pi elongation form about two-lontlis of the diamoliu* 
which these masses acquiie after tlicir transition to the state of 
spheics. To obtain the approximative value of the line belonging; 
to oui vein, we must theieforo deduct from the interval 248 .ky 
four4enths of the diameter 1*82 «/c, which gives T45 »A. Oil 
the othei hand, if we denote the diameter of the orifice by K, 
we have (note to the preceding section) very nearly IC=:0'H . 1C j 
whence it follows that the appioximntc value of the hnigth of 
om line is equal to 1*46 x 0*8 ♦ K=l*16 K» Lastly, the upper- 
most point of rupture of the line must be very near the upper 
extremity of the latter; if we suppose it to be at this e\tieinily 
itself, the quantity t will be half the length of the line, and mu 
shall consequently have 

^==:0*58 . K» 

IP 

Let U8 pass to the quantity s. We know that the tlislnncu be- 
tween the orifice and the conlincted section, aUlioiigh not en- 
tirely independent of the charge, always diflbrs but little fioin 
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the scnu diametei of the onfice, so that wt should have veiy 
ncaily^=0 0 K, and theiUoic 

K-0u8 K = ~-008 K, 
evidently a vciy shi^ht diflciencc 

AVe have assumed 1 as the value of tlu jnopoitiou ol the 
length of the divisions of oiu vein to the diamcLu /c, this \alnc 
18 undoubtedly too gieat but as the exact value must necessauly 
exceed tlic limit of stability, winch is itscH moic tlian S we 
may admit that tins c\aci \aluc is oonsidciably moic than the 
lattci numbci Suppose it, howivci, to bo equal to tins luini 
bci 1 ealcuhtioii will then give loi the diametei of the isolated 
spheies the quantity I 65 A and loi the intcival between two 
consecutive spheua the quantity 135 k Completing the opeia 
tions with these data m the same maunei as above, wo obtain 
as llie hnnl lesult 

2 3 K, 

also a vei} slight difTeiencc 

Now us the tiuc -v due of the dinbicnco 9— t must be oonipiisi d 
between the tw o limits which we have just found 7 c --() 08 K 
and +0 23 K, and as we eannol ascdtuin tilhei tlu one oi the 
othei^ we shall obtain a suihcient a])pu)\imation to this tiue 
value by taking the mean ot the two al)o\e limits, winch gi\es, 
lastly 

9-.^=()07 K (^) 

I ct the distance lemain 1) As this m tiavcisod by a umknni 
movement dining the time and with the \eloei(y 
shall Ihst luuc 

v/2ryA 

Now as the time d ih iqual (pieieding sietion) to tlu piutud 
duiatum of Iho tianslounation ol a (yhiuh i ol the aamc dianu Ici 
and of the same liquid as the vein, and which would bi Inimed 
uiulci the conditions ol the u suits summed up in § OB, it lollows 
liom om ol the lattei, that d tlu diaimlei ol thoiontuuled sec 
tion of om imaginaiy vein ol nuieuiy wtu a cdilinutit, the 
time 0 would be consuUuibly muu than 2 meonds, howcvei, in 
oidci to place oiuselves intentionally inidei uidavmuablc cncum 
stances, let ua suppose that, in tlu above ease, llu timo m ques 
turn wcie only equal to 2 seconds But the time 0 is ])io[)oi 
tionatc to the diametei of the eonUaeted section (picccdmg see 
lion) if then we take tlu second as tlio unit ol tunc and the 
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ceutimetvc as the unit of length, we shall have for any value k 
of this diameter 

e=2k', 

and if we leplace k by its appioximativc value 0*8 . K, it will 
become 


consequently 


0 = 16 . K; 
D=l*6 . K V^gh, 


As we have taken the second and the ccntimctie as the iniils of 
time and length, g will be equal to 980*9 5 and this value being 
substituted m the above expicssion, it will finally become 
D= 70*87. Kv'A. 

Fiom this expiession, and that of s—% given by the formula (2.), 
we deduce 


s— e 
D 


0*07 


= = 0*001 


1 

i/A’ 


70*87 /A 

Now according to the equation (1.) this quantity rcpicsenls the 
eiioi we commit in supposing ^=lj orL=rf} it is evident that 


this eiror is independent of the diameter of the oiificc, hut that it 
vaueswith the chaige, and that it is less m proportion ns the 
stiength of the charge is gieatei, it is also evident, that for it 
not to be very small, an extremely small value must be given to 
the chaige , for when the chaige is too small, eithei the How 
does not take place, or it ensues drop by drop, in both which 
cases the nature of the phienomenon is changed, and cannot bo 
lefevred to the transformation of a cylinder. We shall therefore 
suppose that the value of the chaige is 4 ccnlims, for instauco, 
which 18 certainly a small value, and udiich is slightly greater 
than the least of the values employed by Savavt m his cx|)cii- 
luents. We shall then have 


^ =0*0005 ; 

and transfeirmg this value to the equation (1.), wo sliall (iml 
L 

p =1+0*0005, 

01 rathei 

L-D =0*0005. D, 

Thus, accoiding to this result, whatevci the diameter of (he 
oiifice may be with the feeble charge of 4 ccnlims., the length 
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of tlie continuous p'ut of an unu^^inai} vein of meicuiy only 
exceeds the dist met D by i quantity equ il to (> ten Ihousaiulths 
of the hitei so that foi malancc, it the clmmetu of the oiilu * 
vcic such that the dislance I) wqil a mctic, the Iciij^Lh ot llu 
continuous pait \\ould onl> diflei horn il by half a millniutu 
and m consequence of the \ciy small value \u ln\c altubuUd 
to 0 even this piobibly exceeds the tiue diflcieiuc I astlj^ il 
we pass fiom mciuiiy to some othci liquid^ the difTemui he 
tween L and oi lathei the piopoition of this diffeu net to 1), 
would necessauly vaiy in uia^^intude md diicctiou with llie 
natiue of the liquid but this piopoitiou as we have simwii 
IS so small that we may safely admit that it will always be vciy 
small in icgaid to any otliei liquid 

76 Let us now go within the limit commencing with whu h 
the ical vein may be compaicd, in its continuous paii, b) tin 
couesponding imagmaiy vein (*§73 and 71) othei wohIh 
let us suppose the chaigc to be so inconsidoiable, ox the diarru U 
of fhe oufiGc to be so gienl that the movement of tiansfeu uo< , 
in the extent ot the continuous pail of the ical vein, is not pi i 
fedly uinfoim Ibe vein will also then tend to become tliunui 
fiom above downwaids^ and this diminution in thicl luss wilt 
become visibh upon the liinjml poilion 1 he question ol (lu 
laws whuh undei thehc uicumstanccs must legulak tin Ungih 
oi the continuous pait is veiy complicated ^ we shall howivii 
atloinpt to duGulaU it to a ccitam point 

T et us considci a division ol the vein at the instant at whu li 
its iippii cxticinity jiasacs the contiactcd section llu tun 
liquid sc (lions betwien which tlic division m quesium is (um 
pusod sepal all fiom this position with dilU uni vdocitUH lu 
in the shoitpath winch tin inluioi Rtdion has UaMisiil iIh 
velocity is e\en slightly aii^nunicd by tlie actum ol giavih 
Now it lollows fiom this excess of vclout} and the acccluulum 
of the motion, that the fwo BcctimiswiU continue to sc pautic 
horn each oUiei mou and inoie in piopmtion us tluy discuul 
01 , in othci wolds, that the poition of the liquid mcUuUd la 
tween them will guulually bceonu clou^aUcl cluiiiig its molmn 
of UnnsfticiuG Const cpienlly if no othci cause inUivennd 
each ol the divisions, conveyed by tlu actelcmtecl^eloally of llu 
liquid, would guidimllj incieUHt in length up to the msiaiif ot 
the uipUuc of the hue, and would picBcne a constant \oUnnc 
dm mg Us dcseenf 
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But there is a cause which acts in an opposite manner upon 
the divisions If we imagine the divisions of tlie coniiintous 
part to be suddenly effaced, the small poUion of the vein thus 
modified which leplaces, at tins instant, any given division, will 
he smallei m propoition as the division m question is nnno 
distant fiom tlie contacted section. Consequently wo may con- 
vsidei each of the divisions which at a detoi minute instant luo 
aiianged upon the entue length of the continuous part, tin ansing 
respectively fiom the tiansformation of a different eyhnclcr ; and 
as the minute portion of the vein which replaces, in the above 
hypothesis, any given division would continue shglitly climinish- 
mg m thickness fiom above downwaida, wc slioulcl exactly 
obtain tlie diameter of the coiresiiondmg cylinder by takiug 
the mean diametei of this poitioii. Now wg know that for any 
liquid, the normed length of the divisions of a cylindci* Bupjjosect 
to be foimed in the air, and the entire convc\ surface of wlucli 
is flee, is in propoition to the diainctei of this cylinder^ con- 
sequently if nothing opposed the action of the conflgiumg forecH 
upon the vein, the piopoition of the length of a division to the 
above mean diameter coiicsponding to it would be the same for 
all the divisions, and as tins mean diamctei diminisho'j at each 
division fiom the top to the bottom of the continuous portion, 
it follows that the length of the divisions would contmuo to de- 
crease in the same proportion, If then the cause v^nth which wc 
nie engaged weie alone m action, each division would gradunlly 
dimmish m length and volume in proportion as it descended in 
the continuous poition, But then the divisions stalling fiom 
the contracted section with the velocity of the liquid, would 
nccessaiily follow in their movement of traiisfcience a different 
law. We shall show that this movement would be ictarded, so 
that the liquid, which descends on the contrary with nn acccle- 
lated velocity, must pass from one division to the otlici, and 
that the latter must simply constitute, upon the sui face of the 
vein, a sort of undulation, which would be propagated acrouhng 
to a paiticular law. 

Let us assume the hypothesis of the entirely free actiun 
of the oonfiguimg forces, and let us commence with the mo- 
ment at which the section of the suifacc of the ve}u wliich oou« 
stitutes the neck of a constriction passes to the contiaclcd 
section. After a brief inteival, anolhei superficial section, 
corresponding to the next neck, will pass in its turn, and 
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^ these t^^o sections will include a division, between them Aftei 
anothei inteival of time equal to the hist anolhci division will 
have passed to the contiacUd scelum but the hist willevtu 
then be shoitcncd so that its low ci lucl , m this second inleival 
of time vull have tiaveisid a less spiee tburi the hist I oi the 
same icason^ the space Uavnacd m a thud intcivat of tinu equal 
to the two othcis will be still smallei^ mid so on iifidwatds I he 
movement of tiansfeicncc of the ncel % and tluiefoio llmt ol tin 
divisions which they include two and two^ will then consiiluU 
as I have stated a letaided movement 

Now the two causes whuh wcliuvc mentioned^ and nhieh act 
concuuently upon the divisions will ncccssaiily eombitu then 
effects Consequently the vclocitj of tiaiisfueitcc of tin divi 
sions will be intei mediate between the aeceleiatcd vclonty ol ihc 
liquid and the utaidcd velocity which would icsult funn the 
second cause alone ^ in the second placo^ the divisions will 
dually diminish in volume diiiing then dcseciit along ihc con 
tinuous poilion, but uceoiding to a less lapul law than would ho 
the case nndci the isolated action of this second cause histl)^ 
the length of the divisions will follow n law luleinicdiiiic b( 
tween the giadual luucasc deteimiiKd bj the hist cause and 
the dcuease pi od need by tin sieoud 

77 We shall now investigate the iminnci iii winih ih<s( 
modiheaiiona m the volunu^ length, and velocity of Uu clivi 
sious, (lie capable of eveitnij, an inlluenee upon llu liuvs i(gu 
latuif^ the length of the < ontiimoiifi poitiou of the vuii 

We must (list (Ua^ aitenUou to Uu (act, Umf in oin unu^niaiy 
veins wheic the movimcnt ol Uansloeiue of the liquid is aup 
posed to lie iinilonn with all chui^^es, llu eausis puulmmg llu 
above modifieaUous do not c\isf , cousKpu ntly Llu diviHunm 
musialwaja desn nd with flu sanu vilocily m the lupnd with 
out vaiyiug in (itlui volnnu oi Ungih in flu eonise ol llu eon 
iinuoua paiL Moieovei we must u colled, that al(ti what lum 
been dctaihd in §§ 72, 71 and 7^j SavaiUs hiws me ahendy 
satisfied with uguid to these veins (omnuiuing with vciy 
f(eble chaiges, the Inst law in the eas( of any liquid wtuitevei, 
and the second in Uu (asi ol nun uiy, vciy piobably also in 
that of any othsi vciy slightly visnd iKpud, and puliups even lu 
that of all liquidK 

let us now Item to the tiueveiiiol the pie< ednig section, 
and let us begin by cvauuniiig the influence excited by the 
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diminution of the volume of its divisioiig. Since a cyhndci, ^ 
supposed to exist imdei the conditions of oui laws and foimod 
of a given liquid, becomes iiaiisfoinied Mith lapichly jiropor- 
tionatc to the smallness of its diameter^ it nccessanly follows 
that as the volume of its divisions is smaller, the gradual 
climirLution m the volume of the divisions of the vein lends to 
rendei the velocity of then tiansfonnalioii moie accclcrafcd 
than it would be in the iiiiaginaiy vein of the same liquid 
if it flowed under the same charge, and fiom an mificc of the 
same diameter. TJndei the isolated influence of this modification 
of the volume, the time which the portion of the phenomenon 
coriesponding to the course of the continuous poition requncs 
would theiefoie be shoitcr, consequently the length of this 
poition would be less than in the imagmaiy vein. Now if the 
charge under consideration weie icplaced by a cli.irgc very ncaily 
sufficient to annihilate the acceleiation of the movement of tiana-i 
fcrence of the liquid in the continuous part, Ihis poition of the 
vein would then be equal in length to that of the corresponding 
imaginaiy vein 7B) ; theieforc m passing from the fiist cliarge 
to the second, the continuous part of the true vein would aug- 
ment moie than that of the imaginary vein, 2 . e. would conse- 
quently augment In gi eater propenUon than that* of the aquaio 
loots of the two charges Thus the gradual diminution in the 
volume of the divisions tends to icndei the law legulating tlic 
length of the continuous pait of the vein, when tlie chaige is 
made to vniy, moie lapid than that of Savait. 

Let us pass on to what i elates to the lengtli of the divisions. 
Aa the acceleration of the velocity of the transievonce of ilie 
liquid forms an obstacle to the fiee shortening of the divisions, 
the latter must be gradually extended in the diiection of their 
length, in piopoition as they descend upon the continuous pait. 
Now this gives use to an influence exeited in the same dinTtiou 
as the pieceding^ for in consequence of their loss thickness, the 
constricted poitions will yield more icadiK to this traction than 
the dilated poitions, which will necessarily increase the lapulily 
with winch the foimei become diminished ia thickness, and will 
theiefoie tend to produce, in each of them, the founalion and 
rupture of the line soonei than in the coiiesjmi^ding imaginary 
vein. But the diffeience of the laws which the divisions and the 
liquid follow in their lespectivc movements of li «UKsf(‘roncc, cn- 
gendeia an influence w Inch acts in a continiy duoclion to thc\\vo 
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|)ieccdmg In vntue of the excess whicli llie vdociLy oi the luimcl 
acquiios above that ot the divisions, the liquid passes, us \^c have 
seen, fiom one division to the otlici so that any one poition ii i 
veises successively sometimes the nauowd canal ol a constiic 
tion sometimes the lai^ei sp ice of a dil itation But us the liquid 
thus rao\es in a conduit the dimensions ot which aio alteinutely 
smallei and lai^^ci, its velocity must b< guatei in the constiK ted 
pails, and less in the chhtecl paits than it tin divisions did not 
exist, whence this singuhi eonsequenee icsults that the velo 
city of tiansfeiencc of the liquid, lustcul of being umloimly 
acceleiatccl, is subjected, in the couise ot tlu eoulninous pint to 
a seues of paitieulai \auations Clinch i( iidcx it alteinateh gieatei 
and less tlian that Inch a solid body lalhng tiom a point situated 
at tlie elevation of the liquid in tin vessel uoiild have Mou 
ovci, the liquid molceulcs, instead of moviiij^ in the duection of 
lines piescntnig a ^eiy slight cm vaiuic, and aluays in the same 
diicction, as thej would do if the divisions weic absent uill 
necessuily dcseubc sinuous lines m then passages fiom division 
to division Now the eonfigmnig loiccs emanating fiom the 
supcihcial lajci of the vein md which pioduce the divisions, 
cannot foicc the molecules of the liquid to uiulei^o these altoi 
nate changes of duection and velocity uilhoul evpc niling upuii 
of then own action so that things uill go on us if these foiets 
cxpeiienced a loss in intensity It then the influeuci in (pustion 
\^eio alone cxeitcd, the tumsfoimation uouUl b( illecUd with 
less lapidity, and thoicfou the contmuous iioition would b( 
longci than in the coiKspoiulin^ imagnnuy \cin, whence ilfol 
lows, that m passing fiom the dnugi luuUi considti ilion to a 
chaigc which would establish tlu upjnoMinutivi uniloiniity oi 
tlic movement ol tinnshume ol tlu liquid in llu eontinuoua 
poiiion tlie lengtli of tin i poilion of tlu \ein Mould iiieuaHt m 
a loss piopoition than that ot tlu nquaie loots ol tlu tuo elmif,! s 
Witlucgaul to the Uansfeieiu eof tlie divisions Bipaiatdy (<m 
sideied, Me aiCMoU uwnic that il must h( intcinudiaU bcluiin 
thcictaidcd velocity winch would unult lioin the iiei shoitemng 
of these divisions, and the acceleiated veliuUy of the liquid hut 
it Mould be diflicult to de( ide a 4 m lu tlu i tins luU iinediaU 
velocity piesen^H any ictaulatiou 01 Mhetlui it piesenta any 
aeecleiation Iluwevei, adimtlmg tlmt icUndution exists, llu 
lattei, tending evidently to dimmiBli the Uuglh ol the eontinuoiM 
poition, Mould pioduce an lufliiencc lu llu suim diueiion ns 
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tlie above two formei ; and 5 jupposuig> on the contrary^ limb 
acceleiation occurred^ this would pioducc an influence m the 
same diiection as the thiid» 

78, To sum up, then : M'hen the charges are less considerable 
than those which Mould lendei the movement ol transfcience cl 
the liquid peifectly uniform m the continuous part of the vciii^ 
t\vo opposite kinds of influences alTcct the lan^, according to 
which the length of this continuous portion vaiiea with the 
chaige, the fiist tending to make this length uicrcaso moio 
lapidly than the squaie loot of the charge, whilst the second, 
on the contiaiy, tends to make it inciease less rapidly# Now 
in vntue of then opposition, these two kinds of influences 
will mutually neutralize each othei to a gi eater or less extent^ 
bat m accoi dance ivith the diversity ot the immediate causes 
winch ies])ectively produce each of these influences, complete 
neutialization must be legaided as vciy impiobable , which leads 
us to the former conclusion, that, Mhen the chaigcs arc suffi- 
ciently weak, the law in question Mill differ from that of Savart^ 
bub it M^ill be impossible to decide apiion in what dnection. 

In the second place, the pumaiy cause of all the lufliicnces 
which we have mentioned being the acceleration of the move- 
ment of the liquid, it is clear that the lesulting action of those 
which act in the same diiection, consideied separately, decreases 
in pioportion to the augmentation of the charge, and may 
be neglected, commencing with the fiist of the chaigcs under 
Mliich the movement of the liquid becomes peifectly uuifoim in 
the continuous portion* Now M'hat remains of the mutual non- 
ti alization of the two resulting opposed actions is necessarily leas, 
and piobably consideiably so, than each of them in jiarliciilai j 
M^hence we must behove that tins excess may be neglected, com- 
mencing with a much less chaige* W e then aiiivc at tins hccoiid 
conclusion, that Savait's fiist law will undoubtedly begin to be 
title in the case of a chaige which will still leave a very inaikcd 
acceleiation in the movement of tiansfcrcnce of the liquid in the 
continuous poition. 

Lastly, this result, m connexion with n principle M'hich wc 
have established at the end of § 73, furnishes us with a third 
conclusion, viz. that the chaige at winch the^ vein begins in 
leahty to satisfy Sdvait^s fiist law wdl be less in pioportion to 
the size of the oiificej for it is evident that, in passing fioni one 
oiifice to the other, this chaige must vary in the same manner 
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Ii3 that ut which the accelcialion of the mo\emcnt ot the liquid 
may be neglected Bui I sa} luilheij that the vauation in 
question will vciy piobably take place in a much giealci pio 
poition than that of the dmmeUis oi the oiihcis 

Toj lot U be the chaigc wiih nhieh the appioxinmtive uni 
foimity of the movement of tiinafeiciuc begins m the case 
of a given oi ificc and liquid and 0^ the c oncsponding value ol 0 
Ihc chaigc as mc have seen^ should be sueh that 
may be vciy consideiable in leguid to i/O^, oi^ in ollui unids, 


that the piopoition 


0& 


may be vciy ^^icaL I et us now tal c 


an ouficc of less diamotci^ and let denote tiu chaise whidi 
fulfills m legaid io this second oiihcc the sunu (onditioii as 
with le^^aul to the foimci j let also denote what 0 lx tonus m 
the case of the new oiifiee If we wish^ m tlu movement ol (he 
liquid, in the continuous poition of the vein whith Hows (loin 
the latfei to ha\c the same degitt of umfoumly as in tlu con 
tinuous poition of the pieceding one wt must evidently mal e 


/ Jc/A' _ 

IjO ^ “ 

which gives 

s/¥ _ & 

eonscquently 


But the tune 0, nl least in tlu case of imicuiy, m piopoilionuU 
to the diamcici ot tlio conliaeted stdion (ons<qu(nlly to 
that of the ouhee 7 0 > b^^nco, in tlu ease of this huiu(h wi 

may substitute foi sqiuues ol llie dianutcis of 

the two onfiecs, whence it follows that in passing fiom any di 
teimmatc oufiee to one which is less the dim/ o undei const 
delation will dc Cl ease us tlu squnieol tlu diumdti of tlu oiifuc 
Now It must be eoiisuleied nsviiy jnobabh tlmi tlu wealest 
cbaige at v\liich Savaits law begiuH Io be u di/id will dec huso 
m an analogous^mannci, t t in a much gicalci piopoition thim 
that of the dmincteis As wo have scveial times stated, wo 
mo not awaic whclhci the considci alums lolativc to mciciny 
aio applicable oi not to all othoi liquids, but we know at least 
that they me veiy piobably so to all those the viscosity of wlueli 
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f 

is veiy slight ; consequently the above conclusion ia vciy in*o- 
bably also tiuc m legaid to any of the latter liquKlej) sucli lor 
instance as water 

79 * Let us piovisionally admit the preceding coiiclusiona na 
peifectly dcmonstiated, and let us pabS to the other la l e ibfii 
which governs the length of the continuous poition A^licn tlm 
dmmetei ol the oiificc is made to vaiy. X say^ in the fust ))hu‘Uj 
that^ in the case of mcicuiy, this law will coincide witli the 
Second of those of Savait, uhen uc give to the common chnigi* 
the value at which the vein escaping fiom the largest of the 01 h 
ficcs employed would begin m icality to satisfy the Hist of ihcbo 
laws* In fact, let us remaik Hist, that with the charge in quon- 
tion^ and which we shall denote by /q? the veins escaping lioni 
all the lessei oiifices will exist djoitioii in the cflecUvc con<h- 
tions of the Hist law Conaequcnily^ if for a momeni wc Ksubsti- 
tiite foi this chaige /q a sufficiently consideiable chiiigo to icn- 
del the velocity of the liquid sensibly unifoim tluouglioui nil 
the continuous paits^ and if we again pass from tins second 
chaige to the pieceding, the lespcctivo lengths of the continuouH 
paits will all clecicase m the same propoition, e* in I hat ol tin* 
squaie loots of the two chaiges* Now, with the largest of tlu' 
lattei, the lengths in question were to each other as the diamctci ^ 
of the coiiespondmg oiifices (§ 7^) 5 it will also be tlio aanio 
with the chaige hi , consequently with this charge tlia second 
of Savait^s laws will be satisfied* 

In the second place^ I say that with a lower chaige than /q 
the same will not hold good* To show this, lei /q be this nc^v 
chai ge ; and let us denote by /q the charge which plays the sauH' 
pait with regard to the vein escaxjing fiom the smallest 
as that which hi plays with legard to that which escaprs fiom 
the laiger one. It must be boinem mind that /q is less than 
and let us suppose /q to be compiised between the tuo ]atfm\ 
With the chaiges Aj and /q the vein escaping from the smalli'sf 
oiifice uill theiefoie then still exist undoi the cncclivc ooiidifions 
of Savait’s first law, whilst as regal ds the vein uhich obcn|)(‘S 
fiom the laigei oiifice, these conditions will only comiucuce at 
/q , if then we jiass fiom /q to 7q, the continuous poition of ilic 
first vein will deciease in piopoition to the squm’c loots of these* 
two charges, but that of the latter vein will decrease in a dif-- 
fer^nt pioportion Now with the charge these two lengths 
weie to each othei as the diamcteis of the coricsponding oriHces; 
^Vith the chaige /q then they would exist m another pioportion ; 
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consequently the second hiw o( S^lvnl t \\ ould no lon^ci be antis 
ficcl, at least us le^aids the two extieme veins ol the acucs 
bioUf^ht into cmnpmison 

Ihe following, new eoneliisions lesult fioni all this - — With a 
su0Kieutly ncal common ehaij^e the piopoi Uoinlity of llu 
length of the continuous ])oition of ilu nieienn il eolumn to llu 
diamctd of the oiihce does not e\isl thioiighout tlu intiu (v 
lent nsbif^iicd to the vaiiulums of this dianutei but it Ix^nis 
to manifest itself when that value m f^iven to thi eoinnum < hai[^< 
at wlueh the vtin cscapinj^ iiom the lai^est of tin oidues eoin 
mcnces to c\iBt undei the ellc etue conditions o( Su\ tu t h fust law 
Uespeetm^ these (onclusions^ we numi lepcat nluit nc sitdid 
le^aid to that teinnnatin^ the pieeedin^ section, vi/ tliat 
they aic vtiy pi obably applicable al lea«l to all veiy sh^^liLly 
Mscid liquids eonsequcntly to natei 

Now wo shall see that these snne eonelusions, as ilso those 
of the piceediuf^ section, ue in ucoidamc nith the lesulU ol 
S u ai 1 8 expc i imeiil s n luc h i csnll s i elute to n ai c i 

SO Siivmt has made two aciies ol obseivations upon ^elns ol 
natci nithdiann hum all c\Uniuous intlmnciu, one nitli an 
oufiee hmilhins , the othei \Mth an oiifiee J mdhms in cluumlii , 
the sneecssuG eluuf^es ncie tlu same in l)oih sous llu two 
lollownif^ tables lepiew nt the ilsuUh obt uiu d i ( (lu Uu^llm 
of the continuouH jiait coucspondiuf^ to llu Hucccssnc (hni|i(s 
both the 1( nj^ihs and tlu clunys au e\pi(Hseclin ecnlinutus 
I blue mseited in each labh u thud (olumn containu^ in u 
gaul to uieli of Llu leii^tliK ol the eonlimious pint, tlu piopoi 
timioftlu laltei tothesqiuuc lootol the ( oiuspomhiig c haigt 
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27 
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17 
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11 1 


Belous chseussing these tables, we mu> unnul luic, that all 
tlic lengths oltlhe eonUnuouH poilioim me (\pi(SHed m whoh 
numbeis, whicli shows that Savait hiiH taken foi each of them 
tlie neaicst appioMmutivQ whole numbei lu eentmieiics, disie 
gauhng tho liaelion, hence it (ullowa that the lengths given in 
theso tables eantiol m gcueiul be peihctly t\act 
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This being estabhslied, let us now begin by examining tho 
table 1 elating to the orifice of fi millims It is evident that Iho 
piopoition of tliQ length of the continuous poition to the squnie 
root of the charge diminishes consideiably from the fust charge to 
the last, whence it follow s, that in the case of a vein of water 
escaping fiom an onfice 6 millims, m diametei, if the chmge be 
not made to exceed 47 centims*, Savail’s fiist law is far fiom being 
satisfied, Thus the fiist conclusion of ^ 78 is conformable with 
cxpeiiment. Moieover, the diminution ol the pioportion deter- 
mines the dii ection in wdiicli the true law differs fi om that ot Savai t, 
within the limit at which this begins to be sufficiently appiuM- 
mative; it is evident that the length of the continuous poitioii 
then augments less lapidly than the squaie loot of the chnige» 
In the second place, as the piopoition in question inci eases, we 
find that the lattei conyeiges tow aids a ccitain limit, Nvhicli 
must be a little less than 23, i e, the value coiiesponding to the 
chaige of 47 ccutims. In fact, whilst the chaige icceives suc- 
cessive augnientatioiis of 7*5, 15 and 20 centims,, the proportion 
diminishes successively by 14, 8*9 and 4*5 units, and Ihc latter 
difference is still tolerably slight in legaid to the value of tlio 
latter propoition, whence we may presume, that if the clmrgo 
w ei e still fill thci incieased, the Anther diminution of the pio- 
poition would be vciy small, and that a sensibly constant limit 
w'oiild soon be attained, at which limit Savait^s fiist law would 
be satisfied. 

Let us now find the piopoition of the velocity of transference 
of the liquid at the cxtiemity ot the continuous part to that at 
the oonti acted section. In the case of the vein escaping under n 
charge of 47 centims. We shall disregard here the small altex*- 
nate vauations w^hich have been txeaied of m § 77> and shall 
tlieiefoie considei the velocity of tiansfercncc of a hoii/oninl 
section of the liquid of the vein as being also that which this 
section would have if it had fallen fiecly and in a state of isoht- 
tion from the height of the level of the liquid in the vessel. 
Then, on neglecting the small intcival coinpiised between tlio 
orifice and the conti acted section, we shall have for the vclo- 
cit y in ques tion, at any distance I of this section, the value 
if then I denotes the length of^jlhe conlinuoua 
poition, the piopoition of the velocity at the end of this lengtli 
to that at th e conti acted section will be expressed gcneiully by 

— S or moie simply hy On now substituting. 
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in this cxpiession for h and I the valiica lelativc to the ^Cln m 
question, ^ e 47 and 158, we find foi the iclalion bctuccu the 
exticme velocities the value 2 1 Ihus, althouf^h unde i a chaise 
of 47 ccntims , the vein escapuitj from an oiifiLe of 6 milhma 
may piobahly ncaily exist uudei the effective conditions of 
Savaiis fust hm, the velocity at the end of the contmuoiis por 
tion 18 even moic than double the velocity at the conti acted 
section, so that the movement of tianslucncc ol the lupud is 
still moie considciably accclciated Ihe second coiiolufiion of 
§ 78 theiefoie appeals so fai to nf^iee, hi c the fiist, with the 
results of expeument 

Lot us pass to the table lelatinj, to the onficc of 1 miUims 
Heie it IS evident that the pxopoitiou of the len^^lh of the con 
tinuous poition to the squaic loot of the chaise is veay neaily 
the same foi all the clniges , lienee li follo'SNS, tUalA\ilh tins 
onfiee the vein alicady btgin^ to come within the effective con 
ditions of feavait^a fiist law undei a chnige of 1 5 ceiitim'3 But, 
accoidin^ to what wo have stated, the oiihcc lx mg 6 milluns , 
the vein docs not satisfy these (oiuhtions except undei a chnigc 
at least equal to 17 crntims , the chaigc at which Saviul^s (nst 
law begins to be leah/ed, then, augments and dunuushes with 
the diamctci of llic oiifiec, and much inoic uipuUy tliau this 
dmmetn Now this is the Bubslaiiee of tlie ( oneluHion of § 78 

Lastly il in thogencial expiession ol the i da turn ol the c xiienic 
velocities found above, we 11 place A and/ by Uu values 1 5 and *! I 
lelative to the fnal vein of tin tabic luuh i (ousidei ition, we shall 
find foi this iclation ihe udne i 6 wlueh kIiowh that with tlu 
chaigc 1 5 undei which the vein is ali( ady placed m the cih ( tivt 
conditions of Savaits law, tlu velocity ol Uaiml(unc( ol Uu 
liquid 18 still veiy notably atcdiiated No donhl tan tlicicloK 
icmam of the IcgiUmaoy ol tlu skoiuI (oiuIuhioii ol § 7^ 

Let us now calculate, loi cadi ol ihe loin chaigc s, the pin 
poition of the longtlia of tlic continuous pints cmusponduig 
respectively to the two onfues, we Hlmll tiuis loiin ihe following 
tabic — 
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i 111 
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This table shows, that for charges below 47 centims,, the i*c- 
lation between the respective lengths of the continuous portions 
of two veins of water escaping, onefiom an orifice 6 milhins. in 
diameter, and the other from an oiifice of half this diameter, 
is far from being the same ns those of the diameteis 5 whence it 
follows, that, under these chaiges, Savait’s second law la not 
satisfied. But it is evident, at the same time, that this 1 elation 
conveiges towards that of the diameters in proportion ns the 
cliaige is augmented, and that, under the charge of 47 cenlims., 
it nearly attains it j now according to what we have seen above, 
under this same charge of 47 centims., the vein escaping fiom the 
larger of the two oiifices very piobably neaily attains the effective 
conditions of Savart’a first law. The conclusions of the pre- 
ceding section appear then to agiee, as those of § 78, with the 
results of observation. We shall now however sec tins ngi ce- 
ment confiimed by the results obtained with veins of water when 
not withdrawn from extraneous influences. 

81. These extraneous influences, which consist of certain 
moie 01 leas regular vibratory movements transmitted to the 
veins, do not appear to alter the laws under consideration con- 
sideied generally 5 but they pioclucc a cuitailmcnl of the conti- 
nuous poitions, and thus pioduce the same effect ns a tlnninu- 
tion of the diameters of the orifices, so that under then influence 
Savart’s laws begin to be realized with weaker charges. 

I have just stated that the complete law's which govern the 
continuous portion do not appeal to be changed ,by the cxtia- 
neous influences m question} this will be reaflily seen, when 
foi each of the senes made by Savart qndev the^ influence of 
these actions, in which aeries the oi;ifioes, the ohargeS) the 
liquid ate the same a^s before, we construct a table of the pvo- 
poitions of the length of the continuous,, part .and the square root 
of the charge. Notwithstanding the slight diffeicnces arising on 
the one hand from the irregulauties inherent to the extraneous 
influences, and on the other hand from Savnit always having 
given the lengths in whole numheis, we shall see, that with an 
orifice of 6 miUims. the piopoition still begins to dimniisli, and 
conveige towaids a certain limit; only liPic the limit is less, for 
the reason 1 have given above, and the limit ajipears to be 
attained under a less ohaige than 47 centims.; ^nd, that with 
an oufice of 3 milhms. the proportion is perfectly constant. 

Hence the series in question may also serve for the discussion 
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of the laws which govern the length of the continuous pait I 
shall limit myself hcie to the pi eduction of two of these senes 
they consist of those which Savait adopted as his tvpe^ and fiom 
which he deduced his laws The following aie the tables con 
taming them — ■ 
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and the first shows, that with an onflcc of 6 millims , the pio 
poition of the length of the continuous poition to the squaie 
loot of the chaige appeals to have attained its limit even with a 
chaige of 27 ccntiins the slight mciease manifested in the case 
of the succeeding chaige is undoubtedly due to the causes of 
inegulauty winch I Iia\e mentioned 

Let us fuiihei calculate, foi these two senes, the piopoitions 
of the lengths conespondmg lespectively to the two onhecs, 
which gives us the following tabic — 


Cl 8 

V \ t 

15 

2 60 

12 

2 8C 

27 

2 00 

47 

2 04 


It IS tlieiefoie also undei the chaige of 27 centims that the pio 
poition of the lengths of the continuous poi lions attains that of 
the duimclcis of the onfices, which completes the establishment 
of the confoimity of the conclusions of § 7^ I'O icsults of ob 
scivation 

Lastly with an ouhee of 3 milhms , Sa^ait has made a scucs 
of obsoivations conespondmg to foui laigei chngca than the pic 
ceding and tho piopoition of the length of the continuous poi 
tion to tho squaie loot of the chaige still appealed poifcctly 
constant, the^fiist of these new chaigcs was 51 and the last 
45D centims 

82 rinis, as wc Iiave been taught by Savait’s investigations, 
the vein gives use to tho pioduction of a continuous sound, 

a 13 2 
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principally aiiaing fiom the peiiodical shock of the isolated 
masses of which the discontinuous portion is composed against 
the body upon which they fallj, and this sound may be made to 
acquue great intensity by leceiving the discontinuous poition 
upon a tense membrane. On compaimg the sounds thus pro- 
duced by veins of water under different charges and with orifices 
of different diameters, Savai t found that, for the same orifice, the 
numbei ofvibiationamade %n a given time is piopoitionatc to the 
squaie loot of the charge, and that for the same chaxgc, this 
number is in inveise proportion to the diameter of the orifice. 
We shall now see that these two laws also result from our 
pnnciples. 

Let u8 again have recourse to imagmaiy veins. In these the 
length of the divisions is equal, as we have seen (§ 74), to the 
noimal length of those of a cylinder of the same liquid, foimed 
undci the conditions of oui laws, and having for its diameter 
that of the con ti acted section of the veinj thus this length de- 
pends only upon the diametei of the oiifice and the nature of the 
liquid, and does not vaiy with the velocity of the flow. Now 
it follows from this, that for the same liquid and the same ori- 
fice, the number of divisions which pass m a given time t o the 
contracted section ^ in propoition to this velocity, t eAo 2ffh, 
consequently to h. But each of these divisions furnishes 
lower down an isolated mass, and each of these subsequently 
stiikes the membrane, the number of impulses pioduced in u 
given time is equal then to that of the divisions whicli pass lu 
the same lime to the conti acted Ejection, and is consequently 
propoitionate to the squaie loot of the charge 

In the second place, as the noimal length of the divisions of 
a cyhndei, supposed to exist uiidei the conditions of oui laws 
and composed of a given liquid, is propoitionate to the diamctei 
of this cylmdei, it follows, that for any liquid, the length of the 
divisions of the imaginaiy vein is proportionate to the diameter 
of the conti acted section, and theiefoie exactly piopoitionatc to 
that of the oiifice. Now foi a given velocity of escape, the 
number of divisions which pass in a given time to the conti acted 
section 18 evidently in mvcise latio to the length of these divi- 
sions ; if then the liquid remains the same, this number is exactly 
^ in inveise latio to the diameter of the orifice. 

Thus the two laws which, according to Savai t, legulate the 
sounds pioduced by the veins, would necessarily be satisfied 
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^ ^uth le^aul to om ima^maiy veins Now I siy that the sound 
piocluced by a tiuo vein will not diffei fiom that N\hich the coi 
lesjioiuhng imaginai} vuii would pioducc, if the chm^^e is sulh 
cient lelaiivelj to the dmmctei of the oiifice foi the ^eloclly ot 
ti ansfeience of the liquid to augment vciy slightly fioin the con 
ti acted section to a distance equal to the length of the divisions 
of the mmginaiy vein riicn, in fact^ within this c\tcnt the o 
causes which tend to modify the length of the divisions (§ 76), 
t e the acceleiation of the velocity of the liquid and the 1 eaulhng 
diminution in the diamelei of the vein, will botli be vciy small 
and as they act in opiiositc diieotions, then icsulting action will 
he insensible, so that the divisions will fuoly acquuo at then 
ongm the length coucsponding to that of the eoiicspondmg 
imuginaiy vein, now it is cloai that m this case the nutnbci ot 
divisions which will pass in a given tunc to the conii acted sec 
tiou will be the same in the ical and the imnginaiy vein, con 
scquently the sounds pioduced by both the veins will also bo 
identical 

But in confining oiusclves to \ciy slightly viscid liquids, as 
w itei, we know that the lelation between the noimal longtli ot 
the divisions of a cylindei im i^^ined to < \ist undci the condiltons 
of oiu laws and the diarnctci of this cyluulci, must veiy pio 
liably diftu but hi lie fiom I , consequently the same applies to 
the 1 elation between the length ol the divisions of an imaj^iuaiy 
\cin iouned of one of these liquids and the diameiei of the con 
tnictcd section ot this vein If, then, m a Uiu vein loimcd 
of one ot thcs( liquids, the mcicaic in the velocity ol Irans 
fciencc IS vciy slight at a distance liom the eontiaclcd section 
equal to i times the dumietd ol this mdion, the condition laid 
down above will veiy piobaldy bo sutistud, howivci, to avoid 
in) cliancc of being deecmd, we will tal i, loi iiiftlanee, G limes 
tins diameiei 

It 13 moicovci deal, that if tin (onditiou, thus xendcied pie 
CISC, IS fulfilled with legaid to a giviii diaigi and mifie(, it will 
be SO (lfo 7 tion loi Uu sami ouhet and gieatei (haigos, and fen 
the same chaigo and smallei ouliees We auivc then at the 
lollowing conclusions “ 

1 When a seuca of veins foimcd of a veiy slightly viscid 
liquid, flow sficcesBively fiom the same oufu ( and undci difteicnt 
olmiges, it the least of them is sullu u nl loi the velocity of ti ans 
foiencc of the liquid to uigm( nt \oiy slightly, as lai as a cUatanoc 
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fioin the oonti acted section equal to about 6 times the diameiei ^ 
of this section, the number of vibrations coircaponding lespect- 
ivcly to the sounds pioduced by each of the veins of the senes 
will necessaiily satisfy the first of the two laws discovered by 
Savart. 

2. When a seiies of veins, formed of a very slightly viscid 
liquid, escapes under a common charge and from oiifices of clif- 
feient diameteis, if the common chaigc is sufficient foi the same 
condition to he fulfilled with regard to the vein which escapes 
from the largei orifioe, the numbei of vibiations conesponchng 
lespectively to the sounds produced by each of the veins of tlio 
senes will necessarily satisfy the second law* It now remains 
for us to show that the above condition was satisfied in the ex- 
peiiments ftom which Savaii deduced the two laws under con- 
sideration 

In the senes i elating to the fiist of these laws, the diameter 
of the common oiifice was 3 millimb , and the smallest charge 
was 51 centims. ; and m the senes which rcfeis to the second 
law^ the value of the common chaige was the same, 51 centnna*, 
and the diameter of the largest oufioe w^as 6 milhms. Foi our 
condition to be fulfilled with regaid to both seiics, it was tlicie- 
foie evidently sufficient that it was so in the vcm which escaped 
under the chaige of 51 centims,, and fiom the oiifice the din** 
meter of which was 6 millnns. Now on multiplying tins diameter 
by 0*8, w^e obtain for the appioximative value of that of the con- 
ti acted section of the vein in question 4 8 milhms*, and 6 tunes 
the latter quantity gives us 28*8 mitlims*, or neaily 3 centuns. 

Now if in the expiession which gives the general value 


of the relative propoitions of the velocities of transfcicncc at 
a distance I from the conti acted section and at this section 
(§ 80), we make 7i=:51 and 7—3, w^e obtain foi Lins piopoiLiou 
the value 1*03; whence it is evident, that fiom the contracted 
section to a distance equal to about 6 times the diameter of tins 
section, the velocity of transference of the liquid of the vein in 
question only inci eased 3 centims. moie than its original value* 
83 Let us imagine a vein of w^atei, and let us call a division 
conaideied immediately after its passage to the contracted sec- 
tion, e, at the instant at which its upper extremSty passes this 
section, the nascent division It follows from what wc have de- 
tailed in the preceding section, starting wuth a sufficient cliarge, 
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that the piopoitiou oi the length ol the imsuni diMsions of the 
vein in que-^tioii to the cliamciei oi the conhucUd section ^vlll 
assume a constant value i e nuh pendent of the ehai^c and 
tint this value ^vlll veiy piobahly dilfci but hlile liom 1 

Non the lesulis obtained by lb lAait in the cvpu imcnts i ehihve 
to the Ians which we have just discussed, illow us, us wc slinll 
see piesently, to veniy the eonsequcnces ol oiu pimeiples 
I he two opposite causes which tend to modily the length of 
the divisions, aie also those whuh cyciI an influence u})on the 
velocity of tiansfeience, oi, moie pieeisely, upon the velocity ot 
the tiansfeience of the necks which teiimiiate them 7 A) Now 
in the case undci consuleialion, these suuk causes both lemtim 
in^ \eij small tliioughout the extent coiicsponduig to a nascent 
division, thou lesulting action upon the velocity of tiaiifeieicncc 
oi the necks will be insensible tluoughoul this extent, consc 
quently the velocity with which a iicck descends may be icgaulcd 
us exactly iinifoim and equal to the velocity ol the flow V ^f/h^ 
fiom the contiaclcd section to a ihstanco (qnnl to the h nglh ot 
a nascent division 

If, then, foi in ouficc of a given duunetci, \ denotes the 
length oi a nascent division, and I the tunc oecujned by a neck 
to Uavcise it, wc shall have 

\SS!/ 2//A 

Moieovei, let n lepicsont the numbci o( divisions wlu< b pass (o 
the contiacted section m a second ot tune, as the time / evi 
(lently meusiucs the duiation oi the passa^^e ol one of ihent, wa 

sluU have, ial mg the second as ihe unit ot tniK* and 

n 

tliGicfoic 1 

I astly let k denoU the diamitoi of Uio conti acted secUon (Oi- 
icspondmg to the same ouflei , to upieseul the piopoilion ol 
the hngth ot tlu nascent division to this duunclei, we shall have 
the foimula 

X I /•— r 

k “ /« («) 
No« to obtain, by raenna of tliia foimula, the munciicnl vnlivt, 
oftbo piopoition j iclative to u tlctmmmccl chaigo uiul oiifici, 
vv( have only to natcitam by cxpuiincnt the miinbci ol vibiii 
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tions per second coiresponding to this charge and this oi’iflce 5 
for then the value of h will be given, that of k may be deduced 
fiom the diametei of the oiifice employed, we shall find that of 
n by taking (see pieceding section) half the number of vibiations 
found, and lastly, that ot g is known* It is unnecessary to ic- 
mnvk, that the values of A, and g must be leduccd to the same 
unit of length. Now Savait^s obseivations relative to the first 
law, give us, for an 01 ificc of 3 millims., the number of vibiations 
per second conesponding respectively to foiii diffcicnt charges; 
we can calculate then, foi each of these obseivations, the value 

of the pioportion 

The following table contains these numbers, with the chnigcs 
to which they refer* The lattei are expressed in centimetics : — 


nicmicter of tlio oriflcc, 3 milllms 

Charges 

Ninuhor of 
-Mhrations 

51 

COO 

IU2 

863 

16a 

1024 


1843 


Wc may conclude, fiom the icsults detailed in the note to 
§ 74 , that '^lien the diameter of the orifice amounts to 3 millinis,, 
that of the contracted section is almost exactly eight-tenths of 
this quantity, consequently, if we letam the centimetie as the 
unit of length, which gives 0’3 foi the value of the diameter of 
the oiifice in question, we shall have 

*==0*3 X 0 8 = 0 24, 

Lastly, the numbers of vibiations, and therefore the values of 
Uy supposing the second taken as the unit of time, and the values 
of It and k being reduced to the centimetre as the unit of length, 
we must make 980*9. 

Substituting in the foimula («) these values of k and as 
also those of h taken fiom the above table, and those of n ob- 
tained by taking the lespective halves of the numbers of vibrn- 
tions contained in the same table, we shall find, for the piojiai-* 

tion p the four following numbeis 

4*39 r 








1 
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and we see that, in fact^ these numbeia closely appio\imnte to 
each othei, and ^c^y neatly amount to 4 Ihe mean of these 
numbexs, 2 c 1 38 gives us then veiy ncaily the constant value 
which, commencuig \iith a suitable chaige, Uic piopoilion of 
the length of the nascent divisions of i \eiii of watci to the 
dminctei of the contiacted section of this vein assumes 

fhis IS also evidently the value ot the piopoiUon of the length 
of all the divisions of the continuous poition of a vein of watci 
to the dtametei of the contiacted section, when the chai^is aic 
sufliciently consideiablc foi the movtmcnl of Uansieicnce of the 
liquid to bo peifoctly unifoim tluoughout tbc whole extent ol 
this continuous poition In cxpeiimentally dctcunuung, in the 
ease of any othei liquid, the numbci of vibiations coucsponding 

to a given chaigc and ouficc, the value of lefoiung to this 

liquid 18 also obtained by moans of the foimula («) If wq con 
fine ouiselves to liquids the viscosity ol which is voiy slight, 
the values would vciy piobably be found to diflei but little Iioin 
the pioceding and it may eousequently be cousideied, tlinl, 
uiih the same chaige and the samoouluo, tiu sounds pioclueed 
by tlie veins foimed icspoctivoly of tliese vaiious liquids mo 
voiy ncailv of ihe same pitch but the ease uould undoubl 
cdly be dilTeient, at least m gcneial, il we passed to liquids ol 
cnnsiddable viscosity 

Savait says, that the natuu ol tlie liquid appeals to eveit no 
luflucnoe upon the munbci ot vibiations oouespoudiug to a 
given chaigc and ouficc, hut he do(S not point out Mlint the 
liquids weio ulneh he compaiod in this lospiot liom what u( 
Imvo stated, it may be piesimud that these hquuls ucie somo ol 
thosc/ho viscosity of which is vciy slij^ht 

Hi Since the pmlial diuatiou ol tlu tumHloimatiou ol a 
cyliiuloi may evuhnily be tal (u into account, us we have aluudy 
icmaikcd, by consulciing only one ol Ihc (onHiuctions ol the 
flgUK, Ol simply tlu neck ol llu hiLUi, luul, on tlu olhci huiul 
ns this dmation \aues, loi tho name diiimctci, with the naluu 
of the liquid, it followa that m ilu vein the liuic coinpused 
between the instant at whuU th< Bupcificial section which 
consUtutes thcjicol of a constneium passes to the eonti acted 
section, and the instant of the uiptme ol the line into which 
tins eonstiK lion is convci Ltd, will also vary, all othci things being 
equal, witli the naiiuc of tlu liquid Now it uecessiuily lollows 
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ftom this, that for the same charge and the same oxificc the ^ 
length of the continuous part of the vein ^vlU vary accoi cling to 
the nature of the liquid, and this conclusion is also in con- 
formity with the lesults of experiment In fact, is well known, 
Savurt has measured the continuous poition of four veins flow- 
ing under identical circumstances, and foiincd respectively of 
^sulpluulc eethei, alcohol, water and a solution of caustic ammonia, 
and he found the following lengths ; — 

il^thcr 90 

Alcohol ... .... 85 

Watei .70 

Ammonia dG 

85 Hitherto we have only eiiteied upon the consideration of 
veins projected veitically fiom above downwaida. Letuy now 
considei veins projected m other than veitical diicctions. These 
aie incurved by the action of gravity, and cannot tliciefoie he 
any further compaied to cyhndeis; but we must remailc, that 
the pheenoTnenon of the conversion into isolated sphcies is not 
the result of a propeity belonging exclusively to the cyhnchical 
formj it appeals that tins pha 3 nomeuon must be piocluccd in 
the case of eveiy liquid figuie, one dimension ol which is cou- 
sideiable with icgard to the two others; we have, in fact, seen 
the liquid ring formed in the experiment desciibed in § 19 be- 
come converted into a senes of small isolated masses, which 
would constitute so many spheies if their form were not slightly 
modified by the action of the metallic wiie which tiavcises thorn, 
We can undeistand, then, that in curved veins divisions passing 
gradually to the state of isolated spheies ought also to be pro- 
duced; consequently the constitution of veins piojecled cither 
hoiizontally or obliquely must be analogous to that of veins 
projected vertically from above downwaids, which conclusion 
agiees, in fact, with Savait^s observations. 

This analogy of constitution must evidently extend to the 
ascending poition of the veins pi ojected veitically fiom lielow 
upwaids; only in the case of the laltei veins the phainomona 
are disturbed by the liquid winch is tin own hack. 

86 The propel ties of those liquid flguies, one dimension of 
which 18 considei able uith icgaid to the two otTicrs, and parti- 
culaily of cylinders, fuimshes then the complete explanation of 
the constitution of liquid veins pi ejected fiom circular onliccs. 
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and 'iccounts foi all the details and all the laws of the phteno 
incnon, at least so lon^^ as the modifications pioduccd m it by 
cxtiancous causes, ^ e by the vibiatoiy movements tiansmittcd 
to the liquid, aie excluded 

As legaids the mode of action of ihosc vibiatoiy movements, 
it IS evident tint the piopeitics of the liquid eyhndeia cannot 
male us acquainted with them Ihcse movements consti 
tutc a totall} difl>icnt cause fioin the confi^^minj^ foias, const 
qnently one which is foieign to the genei il objiet ol oui licaiisc 
howevci, to avoid ItaAing a deficiency m the thcoiy, we will also 
examine, i dying upon othci consul eiations, the nuuinci in wlueli 
the vibiatoiy movements act upon the vein, and we shall thus 
aiiivo at the complete explanation of the modifications which 
usult fiom it, and the constitution of the latlci , but we shall 
itseivc this subject foi the following scucs 

The influence cxeitcd by the vibiatoiy movements oommu 
nicated to the liquid, led Savait to legaul the constitution of tlie 
’sein as being itself the icsnlt of ceituin vibiatoiy movements 
inhcicnt in the pha.nominon of the flow liom this assump 
lion, Sa\ait has endeavomed to explain how the kind ol 
distm banco oecnsionod m the mass of the liquid by the (mission 
ol the lattei, might in uality give use to vibiation, and be has 
sliown that the existence of the lattei would cnUid the altcinule 
loimation of dilatations and constiictiouR ni tlic vein ItluiK 
been shoun, in the exposition of oui thcoiy, tliat the ooustitu 
tion of the vein is explained in a necessaiy mauuei by lads, 
quite UKlcpcndently of all hypothesis We may then, I Uunl , 
dispense with a detailed disenssion of tlu in^^enious idias whuh 
we have mentioned ulcus loi ilu eompUte cimipi<hcnsi(m oi 
whieh we niUHt ufei to Savuit « numoii itsdf We shall 
mcicly icnuulc that it is difheuli to admit the kind ol disluib 
anco supposed by Savait to oecui, except eluung tlu lust mo 
meats aflci the onheo is opened, mouovei, that il is not vciy 
evident how the vibialionH in epicsfion, aftei having tuned 
upon the suifaee of the vein a nascent division, would pioducei 
the iuithci development of the lattei, so as to mal c it pass gia 
dually, duiing its dcBcuit, to tlu state ol an isolated mass, 
lastly that to lemovo these cUfiuultKs, we shemld again be 
obliged to have leeoiuse to uelditional hypotbeaCH, to ainve at 
the laws governing the length of the e ontiniimiH poitrnn, and 
those to which the numliciB ol vibiatiouH coiusponding to Ihe 
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Bouiula produced by the shock of the clistuibed portion arc sub- 
ject, Ilowever, it is by boirowing one of Savail’s ideas, which 
becomes applicable when, fiom some external cause, vibrations 
are leally excited in the liquid, that we find the elements requi- 
site for entering upon the latter part of the theory. 

87. In the next senes, after having concluded uliat relates to 
^the vein, we shall leturn to the liquid masses fice fiom giavity j 
and we shall study the other figures of revolution besides the 
apKeie and the cylinder, as also those figures *which do not be- 
long to this class, for which the equation of equilibuum may be 
interpreted in a rigorous manner. 
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AuaiOLL XI\ 

On the Octe) mimhon of tin Iniumly oj Mayntlic and Dumaq 
netic 1 07 CCS By Pioicssoi Pi iimcixi of Jhim ^ 

[Irom lo^gcudoiiTs ^hmahn foi July 1818 ] 

§ 1 Gencial Go7mdtralions 

1 By the intensity ot the mnguclism of a Bubstanoo, I umlei stiuul 
the intensity of that foict with which tlua Buhstmue, mIicii ntai 
one of the poles, is iitti acted by it lu constcjuciu c ol ina^iK tu 
induction Wc must hist establish some point of Vlc^^ , ui ln< h 
we may compaie tins magnetism, which la spec ifictilly dependent 
upon the natme of the aubstnuce, as it ocems in the case of till 
fcicnt auhstaucca In so doin^, by commeiuing uith anyone 
substance, its intensities may then be expiessetl by iibsoluto 
numbeia, as has been done im instance uilh BiKtihc heiit 
2 If wc lake a waUU glass and giuul its nmigm to fit a (hit 
glass plate so that the laUei aeeiuatcly closes it, \\l may (ill it 
Mith a liquid above the maigin, and then Bkim iluy oil with tin 
flat glass foimmg the eovei Wt aie then ttilam that any in 
closed liquid havm^ (he sa7nt jin ni oc( npies < \actiy tho siune 
volume If we fill the watch glass with Iwo dilhuul Hinds 
successively and il this ih then (cpmlly aitiuoUd by tlie poll ol 
a magnet, to winch li is m cadi case exposed lu u simibu man 
nei, both fluids aie ni the saint ditjxQ mugmtu U Uie atlua 
tion of the two fliudn is at all dilleienl, wc lousidti the inteimity 
ot tlieu magnetism us pi opoi twnal to Huh aih uUion 1 li< piool 
of Una will bo theoictieully and exjHumcutuUy giviu m the nc\t 
paiagiaphs 

I If fox instance the two fluids aie solutions of dilhu nt non 
compounds, and if ocjual volumes ol ciuh eoiitum the Hanu muu 
her of atoms of non, m both cases tUcHC atoms aie disiubuU dm 
the same mannei wilbm the waUli glims, and Inivi ixadly llu 
same position as icgaula the polo o( Uu magmt , the piopniliun 
of the aitiaction of the whole volumes of (he liquid may lluii lio 
regaided ns th^ piopoition of tin magiu tismol the iiloiu of non 
in both the chemical compounds loi when two exiiemely 

hahfilat (Uj l)i MV (IrlflUli 
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minute particles of any magnetic substances, placed in succession 
at the same spot, expeiience attractions, which stand m any 
lelntion, tins lelation is not alteiccl when both the paiUelcs arc 
placed m succession in any oilm pi omdedit be the same for 
both \ an admission winch must necessarily be made, if magnetic 
forces diminish in any definite way with the distance# It thou 
follows mathematically fiom this admission, that the relation of 
the atti action of tho entire mass is also the relation of the at li ac- 
tion of the individual atom , supposing meicly that the ma(/nelic 
attraction of each individual atom zs not disiiiihecl by the 
netio emtement of the remamtng atoms^ and that the attracted 
mass does not by Us reaction increase the magnetism of the pole 
of the magnet* On this supposition, the i elation of the atti ac- 
tion of the masses remains unchanged even when the foun of 
the watch-glass is evchanged for any otlici foim, piovidud it 
lemain the same duiing the compauson of the attractions wilh 
each othei. 

If, where previously theie existed only a single atom of non, 
tlieie aie now two or thiee of the same atoms of iron, or in othci 
woids, if m the same space twice or thricc ns much non is 
Jointly disii tbiUed in a definite chemical compound, accoi ding to 
tho above method of deciding the magnitude of the atti action, 
inasmuch ns it emanates immediately from the polo of the magnet, 
it is evidently twice oi thrice as gieat 

4, When the substance to be examined as regards magnetjam 
18 of a gieasy or wmy consistence, the watch-glass may be com- 
pletely filled w'lth it in the same manner as with fluids, as may 
also be effected w^hen it is susceptible of reduction to fine powdei t 
In the latter case, for the puipose of diminishing the attraction, 
the powdei* may be mixed with exiieme uniformity with fresh 
hog’s lard, and the mixtuie placed m the watch-glass 

If, foi instance, we take on the one hand finely divided iron 
and on the other finely divided nickel, both at first in tlie same 
atomic number, oi secondly in equal weight, and mix it with 
a given quantity of laid, and then fill the watch-glass wuth the 
mixture, the relative of the atti actions in the first case gives 
the 'lelahve of the magnetism of the atoms of the two metals, oi, 
in the second supposition, the relative magneUsmfif these metals 
when of the same weight 

5. To deteimine the strength of the attraction, I place llic 
watch-glass with its contents and its cover in a thiniing of brass. 
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^ suspended by thicc sill tin < uls about ^00 millmi in length fiom a 
balincc wlndi n sufiicicntljr delicate t<i mdieaic amillc^iammc^ 
ind Mhich, excepting the axis of the beam cuiilains no non to 
inuoise the nctioii when the Iokcs air \\u \] , the glass is not 
bi ought into contact AVith one only of ilu two poUs of the guat 
cloctio magnet, but the two 1 upcis (( )* an applied to il and 
these aie appioximatcd by then loimdcd (luls in siuh uinunnci 
that then least distance ipait amounts to U nnllnu and the 
balance is so adjusted that the watch glass m the ung wU< u t!u 
b dance is countcipoisi d sinuillantonsly louolus nuh ball ot 
the keepe 1 ^ and thm at a single point Altd the ( xc itation of the 
magnetism the watch glass is attiacUd In Ilu scab Huspciuhd 
at the otlici end of tin beam small haddi shot and then line 
sand 01 thin jiapei m small lia^ments au placdl, tuUd tin 
watch glass is dinwn away fiom the halves of tin 1 ecpoi lliis 
takes place with the gieaiest umloumty, and when tin foKCS 
ttic small, aftci some piuelu c, the usuUs of the dilJeuut wiigU 
mgs do not dilTci fiom each ollui by mou than 2 millegumiims 
Uic weight of the shot and smd oi pupei addid is th( muisuH 
of the magnetic loiccin ea<h (asc 

6 As wo me able to com])aio the mtensdy of the magnetism 
of diffeionl in ignelic Bubsliuucs, so w( tan also thldmine the 
lelative mUnsities of the diamagnetism of dideidit diamagndK 
substances loi this pin pose we icipme nu idy to iin asuu tin 
icpulsion which such substances espdieneo fiom ilu poh ol a 
magnet and licit we may again most (onvenunUy mal < use ol 
the balance aviUi the aiiangenunt dcsdibtd m the puvious 
paiagiaph With thm view w< may at onto couuteipoisi ilu 
substance to lit tested, so Unit it tomiH into tontmtwiUi the 
two poi lions oi fbe 1 ecpd , and altd il bus bdu iipdlul by 
the exeitalum ol magmtmui m ilu tUdio magiul,it may ht 
giadually loaded until it again tomes into (uiitad with Ilu two 
poitions of the kttpoi, oi wlun ilu magiuitiHin m txciLdl, we 
might adjust the b ihuiet as above , and wlu n tlu Hulistiuu ( , m 
consequence ol the mUiiuptum ol ilu (untnl, ttums to lu ic 
polled by the poi turns ol tlu kupti and tonus to lesl upim 
them, place weights m the pan uutd tlu Huljstmue again com 
mences to move horn the two poUionsol tlu ki i pt \ Ilowovci, 
I have dcculccF m lavom oi anoUu i me Ihotl, lo/nUi pO) mih 
mitoh acvxoalt dLli'noimnUon 

Cimpraopap fi 
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My watch-glass and the binse ring m winch it is siis])ciidecl *' 
are both magnetic ; therefore if I place any diamagnetic sub- 
stance ui the foimei% the attraction which we observe is the 
excess of the magnetic attraction of the two foimcr over the 
diamagnetic repulsion of the latter. This attraction was stronger 
than the diamagnetic repulsion of almost all the subsinnees I 
examined, so that the filled glass was always ictamed by the two 
portions of the keeper, and could be pulled ofl* like a magnclm 
body* If then we subtiact from the atii action of the empty 
glass the smaller atUaclion of the glass filled witli a dianiagnctu* 
substance, we obtain the diamagnetic lepulsion, which the latter 
experiences by the electio-magnet. In this manner wc me able 
to compare the diamagnetism of different fluids of the saim^ 
form and volume, and of any bodies to which by fusion or 
otheiwige wc can impait the form of the mlcrioi of the waleli- 
glass, 

7 * To give the idea of the determination of a molecular mag- 
netism laid down in paragraphs 2 to 4, and its relative intensity 
in diffeient substances a siuc basis, wc must first of all show 
cxpeiimen tally that when in the same volume having the samo 
boundaiies in one case m times as many magnetic molecules of 
the same substance are uniformly distributed as in any other case, 
the icsiilting magnetic attiaction m tlic one case is also w tunea 
as gicat as in the other, so long at least as the magnetic pailiclcs 
arc not so close togethei that magnetic excitation of one poi tion 
of the mass can exert a perceptible influence upon the luagnoLui 
excitation of the olliei poition. 

8. 1 fiist took a somewhat conccutialed saluHon of prolochto) idv 
o/^row, and mixed one paitofiiwith an equal volume of thstillrd 
water, so that the mixtuie m the same volume coniauKHl only 
half the original solution of the clilovidej licnco also only half 
the original quantity of the chloride and luilf only of the origin at 
quantity of non, This mixtuie was again diluted to twice its 
hulk, and the solution thus obtained again diluted to vo- 
lumes Hence in the foui solutions which we sluill denote by 
I* II, III and ly , the quantities of the umfounly dislribulrd 
magnetic substance weie in the following proportions 

8:4i2‘ 1. 

The watch-glass previously mentioned was first used in I he 
empty state, then filled with distilled watei, and lastly with the 
four solutions in succession 5 the adjustment being the same m 
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that dcacubcd in paiagiaph 5^ the foicc nitli \^hiUi the mass ni 
cacli case, when eN:posL(l to the t^^o half 1 tcpcis was uttiuctecl 
by them, was cleteimmcd lo c\cilc the magnetism in the huge 
electio magnet, six platinum elcmdils wtie used, tlie txcitmg 
liquid consisted ol commcieuil mine aeid, md ol sulphuiie aeid, 
the lattei being diluted in the piopoilion of 1 12 aeeouhng 
to \olumc 5 Ihc intensity of ilu emicnlduimg tlu (oniinuauct 
oi ilie c\})Giiment was eonstunl lh( weights u(|uued loi Uu 
withdiawal weie foi — * 

gima 

Uic empty watch glass (with the eovoi and iing) C) 10 


Ihe watch glass with distilled watei 0 2H 

the solution I 3)1 

II 2 11 

III 121 

IV 0 72 


If we deduct fioin file tlnee weights last dettiminid the 
atUaction of the watch glass eovci and biass iiug wc g(t 
the atti action ol the loin solutions I to IV Bui whilst in fhesc 
solutions the piotochloiide of non mnHujiitlKally aihaikd^ tlie 
watei they contain is ilimmijm imdhj iqnllal^ and the iittuie 
lion deteimmed above is the <xcess ol the aitiaetion ovei the 
1 epulsion 

liom the two fust weighings w( find loi tlu duunagmtu 
lopulsion ol thowalci filling flu enliie (avity of tlu watch glass 

0 12 gim 

Ihiis if in all tlu solutions wc nogled the volume ol the ]uo(o 
chlondc of non m eompaiison willi the vohinu of wal( i in doing 
which ihe gieuitsf (U 01 0(( Ills with flu stiongi si Holntums iii 
each case 0 ^Mgim umsi lu dcdiu (i d insU ad ol () lOgiiu But 
wepioceed mou lu i mule ly whi n insUail ol flu pioUu liloiaU 
of non wc Hguid ilio solnlion I as Ilu oiigmal niugiutii suh 
stuice, to which m flu following hoIuIioiih wiiiii is addid in 
given piopoiUons Liu volunusolllu wafii a<ld( d uniouiit fo 
and J'f of the whoh \olumi, and luiui flu roiuspomling 
diumagiutie upiilsioiiH, when ilu wain is unilmmlj ddUised 
thiou^h the entue space, me us follow 

()t)b gim (I (M) gun f) 105 gun 

Vbaut tlm »miit plop Uu n wii mu\ i\\ till llio uspuiiiunlH diHciiliitlia 
tliH niciiioii 

YOl V 1 viu xxr 1 0 
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Thus we obtain the following numbers as lep reseating the 
attraction of the original solution of the protochloridc oi iron in 
L to IV. t~ 



gims gima gims 

gi ms* 

I. 

3 . 94 - 0-40 

=:i3*64 

11 . 

2-14— 0 40+0-06 

=:-l’80 

IIL 

1 2.^—0 40+0-09 

0*920 

IV. 

0-72—0 40 + 0-105 

==:0*425, 


The atti action of I. is exactly eight times that of IV.^ and 
in general the attraction is almost in proportion to the amount of 
the magnetic substance. Assuming this propoitionality as a 
basisj if we calculate the atti action of IV. by dividing the sum 
of the attiactions by 15, and then calculate the attraction of the 
othci soliitionSj we have — 


I. 

.S-566 

Diffeieiico — 0-02G 

II. 

1-783 

+ 0017 

III. 

0-891 

+ 0 029 

IV. 

0*446 

-0-021 


The differences axe so small that they fall within the limits of 
enors of obsci vation , and thus it is conlumed that the atti action 
qf the solution oj the pi otochloi ide is m pi opo7 tion to the (jnanhhj 
of the laUeTyprempposiny that it iHumfoimly dishibuied ihrouyh 
the same space^ 

9, In a second cxpeiiment, very finely divided iron was pio- 
cuied tioin a ohcmist^s shop, and 

L 6 grm. 0*B grm. 0*4 grm. 0‘2 grin. 0*1 grm. 
of it in each case triturated in amortar \vith 25 grms. of fresh laid 
until it foiTOcd a mass uhich was homogeneous in appearance. 
Wo shall denote the five mixtuics by I. II. 111. IV. and V. T1io 
watch-glass was first filled with pure laid, and was then uitnmlcd 
by the electio-magnet, which was adjusted in exactly the same 
manner as in the experiments detailed in the laatpaiagiaph, with 
a foice of 

0*25 grm. 

The watch-glass Mas then filled with each of the five mixtures in 
spccession, and the weight of the mixiuie in the watch- glass 
(horn ivhich the amount of non contained m it p^vas calculated), 
and lastly, the weight necessaiy to ovoicome the attvacUou of 
the watch-glass were deteimmed. By these means the following 
results were obtained : — 
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Weight of the iniictinc 

Quantity of non 

Ath action 

gims 

gun 

gi ms 

I 1070 

0 6818 

2^9 95 

II 10 05 

0 3108 

133 60 

III 10 65 

0 1621 

61 73 

IV 10 35 

0 0828 

31 65 

V 10 15 

0 0106 

15 95 


Ihe numbcis in the Inst veilical column ^i\q the atii action ot 
the lion in the diflcicnt fatly mixluies they icpiescnt the 
weights icqiii&itc loi the acpaialion of the Match glass ?mnus 
0 25 gi m whei cby m ithoui incui i mg a p( i ccptiblc ei i oi ^ m e have 
assumed that the amount of the chama^^uttic liul icmaiucd Iho 
same thioUj^Iioiit 

It we slut fjom the assumption tint iho atti action of the non 
in the diffcient fatly mixiiucs is in piopoition to the mass ol 
non, we need only divide the numbcis in the thud vciiical 
column by those m the econd to obtain the foicc uith wlncli^ 
in the above expeiimcnts, a giammc of non is atti acted In this 
naj we obtain the following numbeia — 

I 

II 

III 

IV 

V 

As thcie IS gioimd foi believing that the diffeicnccs do not 
aiise fiom cnois m weighing, we take the mean of these weights 
winch amounts to 

^94 2 gims 

If we now calculate the atti action of llu diflcicnt fatly mix 
tuics we obtain the following numbeia mstead ol those piovi 
oualy obtained — 


I 

gims 

209 95 

gima 

Uiiroicncc —10 0 

n 

13d 34 

- 074 

III 

CH )2 

H 071 

IV 

32 01 

4 101 

V 

16 00 

- 0 06 


The diflbi cnees, which can by no means bo altubuted to cirors 
in weighing, become less in consequence of the obscivation, that 
the intensity of the cunent at fast mci cased and at last dimi 
mailed The mcieasc and deci ease was eeitainly not diicotly 

3 0 2 


gima 

3793 

392 0 
398 5 
106 5 
394 8 
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mcttsuied , but the approximative estimation explained Uic above ^ 
doviationsj and the weight of the first weighing only would 
remain slightly below that given by caleiilation> when wo assume 
tlie subsequent weighings as a basis. 

10. Instead ot eon ti oiling the intensity of the cmient by Mliich 
the magnetism was excited m the electro-mugnclby the insertion 
of a galvanometer in the oidmaiy manner^ another method of 
piocccding appealed to me fai pieforablc foi oiu poculuir object. 

Dmlng the weighings described in paiagragh 8, the intensity of 
the cunent lemained unchanged, which was Iviiown by the mag- 
netism excited m the laige eloctio-magnci icniainuig the same. 
Since the two portions of the keeper when applied could not be 
lemoved or even distuibed duiing the entne oontiniumce of the 
experiment, an iron cyluidei, the upper end of which was pointed 
conically, 27 milhm. m height and 25 millirn. in diamotci, ivas 
placed upon one of the kcepeis at any acorn atcly detcunuied a])ol, 
and its magnetism estimated by the weight which was rccpiisitc 
to withdiaw horn its apex a small and also pointed iiou cylinder 
■weighing 1*7 gim ,and winch was 16 millim long and 4*5 milhm. 
thick. This dctcimination was effected by the aid of a balance, In 
these expeiiments, when the huger cylindei was suppoi tod upon 
one halt ol the keepei, m contact with the cciilio ot tliut iipjier 
edge of it ivhich was paiallel to the cquatoiial plane and at the 
giea test distance fiom it, it amounted to 352 giiuH.; and this 
weight did not vaiy thioughout the entue duiatioii of the obser- 
vation moie than 1 oi at the most 2 grammes. 

The cleteimination m question can be cfFccled iii two wayH. 
When moie weight is guidiially arklcd until at bust the small 
iron c^dinder is diawn away, the magnet now nolongci supp^nts 
the same weight as it was m a condition to siqiport bcfoic the 
sepmation, if it is all applied at once. To find the lulensily of 
the raagnotism, we may take eithci the foimor woighh wlucli ( oi- 
lesponds to the gradual loading, oi the weight whioli it numo- 
diately suppoi ts I prefei the foi mer, because it allow s of a more 
acemate deteimmatioii. In the above inUance, the diUcK'iicc 
in the two detei mi nations amounts to sonic guunmebj wdiilst 
the error, of wdiich the fiist method of deteunination is suscep- 
tible, 18 at the most two decigrammes ^ , 

11 . In the different points of the appioxinialcS halves of tlm 

^ M vom Kolkc, in lug Inanguial DiBsoitntion, which has juat Jinncnicd, i n- 
titled De nova magnetism meitemh methodo ao ik ^ ehin (jmhmdiun hat incilmla 
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1 eepei^ tlic intensity of the magnetism jnoduced by polai in 
duction by no menus inci cases in the same piopoition as the 
intensity of the cun cut Iltiicc it the ol)j<(t bt not to th 
iumine ineicly mIicUki the mnyietie atliaetum icmmna th( 
sume^ but also /o the foiees uliieh nu uepusiU foi the 

nitlubawal ot the wiiteh ^liss tiom thehalvisoftlu 1 e<pci vuih 
legud to sh^^ht V u lalioiis iii the intensity ol llu emienl the 
method of pioeecding dt acidied in the last pnia^iapli is no longei 
apjjlieable Wc must then substitute toi the sin ill p()int( d non 
cylindci a itch [^luss filled ivith soriu luu^mtic siibsiauK, le 
sembling as much is possible that in whuhtlu othei sub ianits 
wcic placed ^^hcn tested in legaul to inugueiism > and nlulst in 
the baluice^ it must be allo^^ed to be withdiinMi fiom tune to tune 
liom the two hahes of the Iccepci in eviietlj the same maiinei 
then eights icqiusite to cfiict this evidently adoid aim asm e 
of the intensity of the magnetism m uelion dm mg the e\p(U 
ments in question tiny may cvidtutly be eunsulatd is pu) 
poitiomd to th(se Mci^^Uts ind lunoc when the intensity ol the 
(Uiient vaucs they may b( coiicetcd 

llic necessity ol the new method of dcteimmation is evukut 
liorn the Mci^,lnnj-jS detailed below ^ wlmh Min made loi llus 
puipost Once undei the same conditions as iii tlu ])i(vii)Us 
paia^iaplg the fouo whuU was iiquisite ioi withdiawing the 
hinall non cyhiuki was deUimined and on anotlui ueiuHioiq 
the foiee^ with which a waUh ghas containing tlu latly nuxlme 
III , consisting ol ItJOO puls ol laid to 10 ol noig wlun applied 
to the appioximated halves ol tlu 1 eepii, was leimncd by them 
When fom fieshly hllcd ecUs wck usid in suceissum to exeili 
the magiuiisng the following ubuIN weu niitanu d 
Nanibci ol ctlls AUui inn ot ibo oyhiuloi Atlni ti u 1 tlu wuloli ^Iiihk 




1 >11 

1 

100 1 

]') J() 

2 

i 7 rt ') 

in') 

3 

Z 1 ‘) fi 

no in 

1 

^‘)18 

(0 10 


12 ihe suppoiting powci ol a magnet is a completely iiulch 
nito oxpitSRion> puiieipally because tlu mass ol the lacpci sup 

VI onii fH)jihtR Ilii 8 niclhol lo (kttii ano niim mally tin rliHlulaUion of Uio 
lauLiictlam in IliaHmfuuft jI ilio jioIoh of tbo hii^o tit tio umgiiol in korpeifl 
an 1 11 Htool baiH to m uHino the fnllu necol Ibo liuluung iieiion of jiolofl oi Lbo 
MUinc uni (I thnuciU nauun nnil in my opinion liiiu nbtniinil icBiiUa wbi h 
tt 1 lotlly (ItRoivo tbo jnoknnco ovoi iboso obtaamblo by t llici nittlunlR cftjin 
mliy lliuRL jl ( ouloinb by Hi el naf,iui« 
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f 

poi ted exerts the most decided influence upon it ; and hy varying 
the mnss^ this suppoiting power may be increased a hundred oi 
a thousand times. And liow can we determine this mass in dif- 
ferent magnets so as to be enabled to compaic their supporting 
powci ? Moreover^ so long as the magnetic polarity excited in 
the non of the keeper or the entiie body atti acted icacts to the 
augmentation of the power of the electro-magnet, and lastly, so 
long as one poition of the attracted body acts upon the othei so 
a& to excite magnetism, so long will a comparison of the intensity 
of the atti active forces, which the magnet exerts upon the differ- 
ent magnetic substances, be out of the question, I believe, 
howevci, that after the pievious lemarlcs we may admit without 
hesitation, that the disturbing influences in question aie not 
present when iron or nickel, m a state of fine division, is urii- 
foi mly diffused in not too large quantity tluough a substance 
which is but little susceptible of the influence of the magnet, as 
laid ; or when the solution of a salt of non or nickel is used, I 
believe that I am justified in assuming that the atti action of the 
entii e mass is then equal io the sum of those atti achonSy whxchy 
when we divide this mass into partsy the magnet would ewort 
upon the pai ts individually y even if the othei portions wei e not 
piesenU 

But our method of detei mining the relative magnetic inten** 
sities of different substances would retain its full value, even if 
the action of the reciprocally inducing portion of the atti acted 
mass did not vanish ; but the volume and the limits remaining 
the same, is piopoitional to that force with which the magnet 
atti acts the different substances, 

13. We may easily become satisfied, by a simple experiment, 
that the attiaction of a compact mass of non by a magnet is not 
the sum of those attractions winch are emitted by the magnet to 
the sepaiate parts of the mass, but that the disluibing effects of 
induction are also presentn Thus if wc place an iron rod upon 
the pole of a magnet, a certain weight A is requisite to withdiaw 
it. If we then cut the lod into two pieces, and place the lowest 
piece upon the pole exactly as befoie, but the upper piece upon 
any non-magnetic support, which keeps it at itafoimer distance 
fiom the pole, we can again determine two weights B and 0 
by the balance, winch are lequisite for the withdiawal of the 
two parts. We then find, — 

A>B + C. 
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’ By the inductive action oi the t^\o poitions upon each olhci, 
the a tti action is heic also tnc) eased 

14 Om views allow of oui deUnmnmg the into feung ejj^ecis 
oj indmiion in each of the piesent cases 

1 01 the puiposG of ineaaiuin^ the moic powciful atti actions 
I had a binss cup made of the shape of a watch glass^ and its 
iqipei maigin was giouncl> so that it nu^^ht he (ilUd with liquids 
md poudcis, e\actly hi c the above deaciibed 'svatch glass A 
massive piece of non acciiiately lilted its cavity this could he 
lemovcd and icphced by othoi Bubstances, ioi the picscnipin 
pose these wcie finely divided non, and a fatty mi\tmo consisting 
ot tuenty five paiLs of laid to one pail ol the non (dings J lie 
adjustment was aa bcfoie, the distance ol the heavy loundcd 
1 ccpeis G mdhrn , the only dilTeicnce Mas that the cup was not 
immediately laid upon the I ecpois , but to diminish the loico, a 
glass plate 1 milhm in thiclcneasu as lii si placed upon the kcejn is, 
and the attuictiou at this point mcasuied Ihe magnetism wnu 
excited by one Giovc b clcnunt with niluc acid which had been 
oneo used Ihc lolloping au the losulta — 


I 

Weight of the non in the cup 

guns 

810 


Its atti action 

2187 fl 

II 

W( ight of non filings iii the cup 

3J8') 


Its attiactioii 

9% 0 

III 

Weight of the fatly mixtuio in the cup 

10 00 


Its atU action 

12 80 


Ihc attiaclion of the cup itself with the glass oovei, which 
amounted to B 30 gniiB, has been deducted tluoughoui 

lienee, when we calculate the uUi action which ant giumnu 
of non cxpeiiemcb m llu Unco scpaiaU weighings, we 

gvniH 

I loi ilio massive puce ol non 27 00 

H loi the non hhngs 30 12 

III foi the same in the bitty inixUuo H 28 

It is thus seen that the distnibrn^ action of mclucUon dmn 
lushes the total aUiaction ol the molecule of non If wo admit 
that this diatjubmg action vaninhes in the am of ilio fatly 
mivtmc, which is al least appioximulivcly collect, the altiac 
tion of the piece of non and ol the non powdoi, indopcndonlly 
ol the distuibing cficct of the induction, as it im mod lately anscs 
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fiom the clcctio-magnet^ and which we shall call the nory)tul 
aitrachony would amount respectively to 

2795*68 gims, 1114 25 grms, 5 
consequently the diatiubing effect of induction is 1 e spec Lively 
— 608 18 gims* —118 25 gims* 

If we considei the noimal atti action as equal to unity, ihih 
amounts lelatively to 

0*186 0*089, 

15 In the example given in paiagrapli 13, the disturbing action 
of induction eases the noimal attraction 5 in the example 
contained in the pievious paiagraph, it dimimslies it. If in the 
lattei instance we had with diawn the cup fiom the surface uf 
one of the poles instead of fiom the two poitions of the kecpei^ 
we should, on the otliei hand, have obtained a chsiuibmg eficci of 
induction, which would have increased the noimal attractmn. 
Expeilment evidently confiims this; I shall not, honevor, dclml 
any numbeis, because the emet estimation of the weight is at- 
tended with some difficulty arising from disturbing influences. 

If we imagine two non bars to be placed one upon the oLhei 
on the same pole, m consequence of the oiigmal action of the 
electro-magnet, poles of diffeient names become excited at tlie 
place of contact, and mutually sti engthen each other* Butil two 
lods, foming a budge fiom one pole to the othei, are siipcuiu- 
posed, the poles of the same name aie cvcitcd at the corre-’ 
spending ends, in consequence of the original action , and these 
poles become weakened by tlieiv mutual action, Tims, while m 
the first instance the distmbing action of induction necessarily 
augments the magnetism excited in the non, in the second case 
it must weaken it. 

In this way the whole appears to be perfectly explicable'^. 


§ 2, Companson of the Intensity of the Magnetism of d\f event 
substances 


16. The method of determination used consists, as stated in 
the preceding pai agiaphs,in placing cliffei ent magnetic substancca 
m the same space in a watch-glass closed by a cover, then, the 


Hence It IS yoi y piobable, that in the e^pellmcn^8 with the Inul, tletniled 
in paiagiaph 9, the cliffeicnce ocaming m the fiibt fatty niixlme loally uiiaca 
in pal t fiom the {listiubmg action of induction, ^ 
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intensity of the cuucnt being constant, the foice with \vluch 
these substancesaicutti acted by thceleetio magnet is the i dative 
mensiue of then ma^^nctism If ^Ye divide it by the weight of 
tlie substances, wg obtain numbeis N>huh lejnesdit the idativc 
intensities of the magnetism of these siibsUinct ^ Jo) equal uihl^ 

AVc heic entei upon anew fidd of physieal luvcsliguUons mid 
u numbci of questions aiise the answeis to which aie of main 
fold mtcicst, — questions 'which paitly oneioach ujion the pio 
A nice of diemistiy Iliihcito I lunc only been abk to pun me 
pine oxide of nicl d but not pmc niel el itscU, noi ibe otiui 
mngnetic metals except non My mvt stigations must then Ion 
fust be confined to non and its dicmii il eompoimds In what 
piopoitioii m the oiiginal magnetic foue ol the non dumnislud 
A\hcn OYjgcn is added to it to foim the peioxido? hoiv, ngnin, 
when watei is added to the oxide as in Ihc hydmtc? when tbo 
oxide has combined with difleicul at ids to fouu salts? Wlmt 
lelations do tlic salts of the pcio\ide hold to those of the pio 
toxidc? What must the (lu mical composiliou ol a salt c outuin 
mg non be bo ihit il may cease to be iiui^mUc ? 

17 I shall fust communu itc (lu icsnlls of two scucs of c\pc 
nments, which may bo comkiiscd into one biiausc tbc olcctio 
magnetism, which was cxciUd by si\ Gloves dt mints, was m 
each case of the same intensity, and much but Miy slij^hL ^allll 
tions 1 he weighings wcic not made until m im h t as( (lu bill 
tciy had been in action foi some (nn< and aftei ladi Avcighing 
ihc ciicuit was opened Ihc fi)H sc lies ol (xpeimunUs lelaUil 
to aqueous solutions of Halts of non I tool —1, peimtiatc ol 
non, which hud been piopaicdby pom mg e\a ss ol i oru i ntiab d 
nitiK acid upon the pcioxide ol non dinotid by 11 , J, ]hi 
ehloiule ol non picpaied liom the sunu o\id( witlu ouu nlialetl 
hjdioehloiic aeid 3, chy m utial p< isutjihulc ol non fiom tiu 
chenneal luboiatoiy, Avhieh disHolvid veiy slowly in wntii , l 
and 5, piotochloude ami piotosulpliaU ol non, piepaied on tho 
moimng of the pciUninunee ol the cxpeimunt by pom mg hy 
dioehlorie and sulphuiie acid upon finely divided non nil tlie 
solutions e\(cpt tlu lattex wei< safmahd Ihe watch glash 
dcscubcd in the second pmaguiph was filled with tlio diflei 
ent solutioua^m sueeeBsion, nnd subsequent^ the amount of non 
coat lined in that cpuintity ol each ol these soliiliona wliicli was 
used m the oxpeiiment was detcunnu d llic nUiaeUon ol the 
solutions by the elcctio magnet Aine compaicd with the attiai 
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tion of a fatty mixture containing 2 parts by weight of iron to 
100 of lard* 

With this mixture^ m the second senes of experiments, diffei- 
ent peroxides of iron were fiist compaiedj the first (I) was 
piepavecl m a chemical laboiatory^ the second (IL) in the che- 
mical manufactory in this town, which is specially devoted to 
this puipose, the thud was fibious led hminatite (lenifoim) ; 
the fourth a beautiful ciystal of micaceous iron ore fiom Elba ‘ 
next thiee hydrated pei oxides of iron; first, that from which 
the oxide L was procured, and which, by a diiect dcteiminalion, 
contained 24*24 pei cent, of water; secondly, brown hcematite; 
and thiidly, aitificial blood'-stone, which, according to a subse- 
quent determination, contained 11*55 pei cent* of water; more- 
ovei, a beautiful ciystal of pyiites; lastly, pi otoxide of nickel 
and its hydrate, the latter containing 24*7^ pci cent* of water, 
according to an appioximative determination* All these sub- 
stances wei c finely po\i dei ed , and when compi esaed as unifoi miy 
as possible, were placed in the m atch-glass and their wciglit de- 
termined Both the peroxides of iron, the red ironstone and 
the pi otoxide of nickel, aftei having been powdeied, weie dried 
at a tempeiature of 212*^ P immediately befoie use. 

18* The results obtained aie collected in the following table. 
The^rs^ column (A) contains the directly detei mined weiglit of 
the vaiious substances examined; the second (B) the quantity of 
metal they contain. These quantities weie determined in the 
case of the five solutions by chemical analysis, but wcie calcu- 
lated for other metallic compounds The ilm^d column (C) con- 
tains the total attraction of the substances examined* IIoic in 
each case 0*41 gim , e. that weight by which tlie empty ivatch- 
glass was withdiaivn, was deducted fiom the w eight whicli caused 
the filled watch-glass to sepaiate* The fourlh column (D) gives 
the quotients which are obtained by dividing the total atti action 
by the weight of the substance ; hence the lelative pi opoition of 
the magnetism of the substance for the same weight. The Ji/ih 
column (E) gives the lelative proportion of the magnetism of the 
non 01 nickel in the vaiious chemical compounds. Tins is im- 
mediately obtained foi the solid matteis by dividing the total 
attraction by the weight of the metarthey contain*^ With regard 
to the solutions, however, beaiing m mind the diamagnetism of 
the watei they contain, a slight collection must be made in the 
total atti action C But instead of calculating, as m the eighth 
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paiagiaphj the c|uanUtj of watci lu each solution and Uit couc 
sponding dnmagnctic lepulsion^ ne shall foi the sal c ot sim 
plicity appioximaiivcly incicuse the total atUarliou ot cacli oi 
tluse solutions by 0 1 gim 



A 

a 


1) 

1 

1 or itrato of Iron Solution 


^ 1 

'’i ro-} 

'^0 172 

^ oil l 

1 Cl cl loiide of iion Solution 

i« m 

2 n 

8 10 

0 rill) 

17 1 

1 isnh 1 ato of no 1 Sol itioii 

18 1 

2 11 

5 nr 

n i) 

170 

P tod loiidc of iron Solution 

i( jr 

2 8 5 

7 <m 1 

U Ul) 

2 51)1 

P otos dpi itc of non Soli Uo 


0 Ilfi 

1 15(1 


Kill 

L lini tme CO 1 Solution 

8 > 

0 101 

« 17 


510 71 

IciOMdoOf 01 r Poll lie 1 

U 188 

«ru 

11 1(1 

nil 

10 H 

1 cioxi Ic of iron II 1 o\ dcicd 

11 8J 

10 177 

21 01)0 

1 iiii 

2 000 

Reel i 01 stono 1 ow Ici d 

28 ,r 

1 ) i8r 

10 roi 

0 OHO 

0081 

Micacco 13 ii on oi o Pow lore d 

Jd 72 

MOOl 

)1 715 

/21 

U H87 

II) Irate 1 pcioxulo of iion 1 owdcicd 

UlCO 

8 750 

1 i 2^ 

0 800 

151 1 

Bi iviuionsloiic Powdoicl 

22 70 


8 2iU 

0 )(n 


Aitif c al blood stone 1 owd< ic 1 

1 if 

7 708 

0 01B 

0 771 

1 211 

Sulplm ct of iroi 1 owdcicd 

25 >2 

11770 

10 117 

0 770 

1 (J (1 

P otoxi Ic of nickel 1 ow de i d 

HOC 

uni 

2 ( ao 

0180 

0 228 

Hy 1 aledprotoxKlc of nickel 1 ow deicd 

11 ur 

6571 

GO 5 

orw 

0 0 1 


19 In a pielimnmiy expeumeni^ the magnetism of faux ul ilu 
above substances had been uboady compaicd with the mu^nt I ism 
of the non lo contiol the acuuaoy of the indlmd^ J Himll 
give the lesiilts hcio^ so na to allow ol (he coiupuiiaon oi llu 
moic lecent \Mth tho eailei lesnlts at the aanu tnni J Blmll 
limit myself m the follow u> table to the eoluiniXB A, C mid 1) 



A 

( 


laidmWtmo 2r X 

K 

1157 

K 

M2U 

hirr ' 

fc ox Ic f lou IT Powdeud 

1 12 

201 

1 17 

U 1 1 leinttl i< 1 }w Ic ed 

8 07 

105X 

om 

\Icaccous CHOC luvdorcl 

1117 

111 0 

01 !U 

Blow 1 Ten ut t 1 owd i 1 

(7) 

0 17 

0 I7H 


20 Still eailiei with a run into! lesa mUnsity^ 1 had rom 
paied the magnctiam of the lijdiatid piioxido ol non ol llu 

ilic wei^itB of tho (iimiiltlii ol Hit pnoMil obuiiiotl fi an dm iha milu 
tions inontioiicd m the abnvc tientti umoluile I to 

II 

I 711 
J HI 

^ 1 01 
1 0 16 
0 ri Ml 

I nm nalohled f i ihcao cletouninulioaH hIro llioac ilolnilod in the iioU ti 
pu iprph to die kiiidiie»H ofM I) UuiiiiiB 
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table in the eighteenth paragraph with the magnetism of the 
oxide obtained fiom it hy heating it to sh ong redness in a fui naccy 
winch I shall designate by III,, as also with the magnetism ot 
the neutial persulphate of iron mpowdci, also propaied fiom it, 
and A’^hich was afteiwaids dissolved m water. The oxide I, was 
subsequently piepaied fiom the same hydrate. The lesults 
found aie contained m the following table * — 



A 

c 

n 

Hydrated pDi oxide of iron » 

Peroxide of non 

Pci sulphate of non 

grnifi 

14 i7 

12 an 

13 10 

grnifl 

7 01 
G50fi8 

4 05 

KrmB 

0,W1 

Ii2CH7 

0 37» 


21. Since according to the table in the last iinmbei tlie i da- 
tive magnetic depoitment of the piotooside ofniclel and its Jiy- 
dratCy acGoiding to our piesent notions of magnetism, appear 
contiadictoiy, a sepaiate examination was subsequently again 
made On using six elements and the same Avatch-glass, the 
following lesnlts weie then obtained* — 


1 

A 

0 

Dr 

Oxide of nickel Po^>deicd 

Hydi ated oxide of nickel l?o\\ dei ed 

1107 

(crmp 

2 5B 

0 00 

gnu 

0173 

0512 


From the eailiei cxpeiiments we obtain for the i elation of the 
magnetism ot the piotoxide of nickel and its hydrate, — 


544 

180 


^ 3*0175 


we now find foi the same, — 


642 

173 


= 3*132. 


The numbers agiee sufficiently 

Although the protoxide \vas obtained fiom tlio hydrate, it 
neveitheless appeared to me desnable to convert the same liy- 
diate, which had been used in the cxpeiiments, into oxulc, 
and then to examine it The above 11 07 gims,, immediately 
nftei the determination of their magnetism, woi c heated to red- 
ness m a platinum crucible for a long time, whoieby the weight 
became i educed to 8*38 gi ms. The protoxide thus obtained w as 
placed in the same watch glass, but this it did not now completely 
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^ fill it e\pcuence(l an atii action of 2 91 gims although^ if the 
piotoxidc weio the only magnetic a^cnl in the hydiaic^ this 
atti action shonlcl have cxcctdetl 6 ginis because the piotOMde 
%\as now compauitivcly nciuu the magnet 

IIo\iev(i the atti action of the fieshl) pi cp ucd piotoxidc of 
nickel exceeded the atUaetion of the oiiginal peihaps because 
the expulsion of the u atci was still not complete 

22 T astly a tbii d senes of exjiei iments w as made ^ the k suits 
of which 1 shall collect in the follow table which eoiu spoiuls 
to the foimei one Ihc magnetism lu this ease also was exeitid 
by SIX Gio^c s dements 


1 1 art Iron 25 hid 
1 [mi 1 nijUoUc i on oie 2 Imd 
Clay 0 ! Ic of inai ga irso bcfoio bci 1 
heated lo 1 C dnesa 1 wl ed j 
Gill) oxilo f n iiganr o ntte Icingl 
heat It c 1 e 1 ns de cd J 
fCi) tala of 1 ofc s di 1 1 1( of non 1 ow 
(Ici 1 

I H K mtiale of nicl el Sol ul m 

I I otocl loi ido of ni( t tl Sr Uitmn 


\ 

B 

( 


I 

'^losro 

11000 

k“" 

^ 10 dim 
8( nr 

ojri)> 

% 200 

n JOl 


8 170 

0 2 1 


22 8(0 


18 570 

OHP 


ir 078 


( mo 

OOOl 



1 !77 
ir7i 

1 tro 
1820 


10 i 
loor 


Ihe aiti action of the (m|)ly watch glass, ih< foimei wilh an « 
othci gioimd glass covex, bimulUuicously w xth this and the biuss 
ling, amounted to 

0 ^7^ > 

and when filled with laid tmly, to 

0 210 gim 

Fiom the atliaetions found by the diuc t weighings the lallii 
niimbei lias been deducted in the (uho of ilu Imdniixtuu in tlu 
thud coin inn and the (oimti in tlu ease of flu powdiictl mih 
stances m the solutions inal mg an ap|>U)\inmto allowance 
foi the diamSi^nctiNm of Uu walei, w< deducted 

0 27'> gim 

Ihe atii action given in tlu column 1) ielcis,iii ilic case of Ihe 
(as finely ns possible) powdexctl ma^nelie non uie, to tins mdc 
pcJndenlly of the laid mixed with it 

the weights ol the qumitUicH cfpi U\ulo I nii.ktl oblidnod fiom the Iwo 
solution i wuc losiHctivuly-— * 

1 751 gnu 

2 1 M giiUB 
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The gray oxide of manganese consisted of very beautiful 
crystals in powder, m which non could not be detected by feno- 
cyanide of potassium. It appealed, m coriespondeuce with the 
well-known analysis, to consist of puie hydrated oxide of 
manganese. Immediately after the experiment, it was heated 
to strong redness o\er a spiiit-lamp to lemove its watei of hy- 
diation, 9’388 grms. lost 1*164 gim, in weight. The loss in 
weight coi responding to an atom of water would have amounted 
to exactly 10 pei cent., that found amounts to 12*40 pei cent. 
This agrees well with the statement of Beizelius, that hydrated 
oxide of manganese, when heated to redness, becomes con- 
verted mto protoxide of manganese, which would require a loss 
of 13 2 pel cent Since the heating to ledness between the 
weighings should take place upon the same quantities, it could 
not be peifectly complete. 

The ciystals of the piotosulphafce of non weic taken out of the 
solution m winch they had foimed immediately bofoie the expe- 
riment, dued in the air upon bibulous papci for half an hour, 
and then powdered The powder, moist as it was, was placed 
m a ^Yatch-glass , hence but veiy little of the water which the 
crystals contained could have escaped. 

The solutions of the salts of nickel used in the experiments 
weie prepared by dissolving the hydiated oxide of nickel aheady 
mentioned in acids. 

23* Fiom the two previous tables I have calculated the fol- 
lowing one foi the comparison of the intensity of the mag- 
netism of different substances, both separately, as also m che- 
mical combination with othcis, placing the intensity of the 
magnetism of iron as 100,000 : — 


1. lion . . . . . . 

2. Magnetic iron oie , . 

3. Peroxide of non L 

*.* •». II . * • 

5 , Red haematite . . . • 

6. Micaceous iron ore . . . 

Hydiated pei oxide of non 

8. Blown liEematite 

9. Aitificial blood-stone 

10. Diy pel sulphate of mon . 

11. Gieen vitriol 


100,000 

40,227 

500 

. 286 
. 134 

533 
. 156 

^ 71 

. 161 
. Ill 
78 
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12 

Satuiatcd solution of poimtiate of non 

34 


peichloiidc ol non 

98 

11 

pel sulphate of non 

58 


piotochloiidc ol non 

81 

16 

Giccn vitiiol in solution 

126 

17 

Piotosulpliatc of non m the foim of giccn 'vitiiol 112 

18 

Pcxniiittte of non in solution 

‘)5 

19 

Peichloude of non 

221 

20 

Pci sulphate of non 

lU 

21 

PioLochlondo ot non 

1<)() 

22 

Piotosulphato of non 

2V) 

2S 

Pcichloiidc of non in solution 

S')! 

24 

Piotoehloudc of non 

21 f» 

25 

lion pyutes 

no 

20 

PiotoMcle of non in a miuiatic solution 

3B] 

27 

sulpliiuic solution 

m 

28 

Pei oxide of non as a hydiate 

20(> 

29 

in the foim of blood stone 

JG8 

SO 

in a nitnc solution 

287 

11 

in a uunmtic solution 

OK) 

12 

in a sulplmuc solution 

383 

31 

lion m magnetic non oic 

55, '55 » 

31 

pci oxide I 

711 

35 

pci oxide II 

10') 

36 

icd hocmatitc 

1‘Jl 

37 

micaceous non oie 

70 1 

38 

by dialed pei oxide of non 

290 

39 

blood stone 

210 

10 

pyutes 

{21 

41 

pcnulphate of non 

m 

40 

piotosulphate ol non 

185 

41 

a solution of peimtiato of non 

110 

44 

a solution of peimuuate of non 

737 

45 

a solution of peisulpliato of non 

47-1 

46 

a solution of piotomuuate ol non 

190 

47 

a solution of piotosulpliatc of non 

691 

48 

Piotoxidc of nickel 

05 

49 

lly dialed piotoxide of nickel 

100 

60 

PiotoiTitiate of mckcl in solution 

65 

51 

Ihotomuuato ofanckol m Bobifcioii 

100 

52 

Piotoehloudc of niekel in solution 

111 



t 
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53 Protoxide of nickel in the hydiate . . 

54 Pi otoxide of nickel in a nitric solution . 

55 Pi otoxide of nickel in a rauiiatic solution 


I'la 

Ifid 

371 


56. Nickel in the protoxide •d.'S 

5y , the liydiated pi otoxide . . .1 SO 

58 . a nitric solution 2<)H 

59. a muriatic solution . . . 2 1 7 


60. Hydrated oxide of mang.inese . 

61. Piotoperoxide of manganese 
62 Oxide of manganese os hydiato 


70 

167 

7H 


63 Manganese as hydrated oxide . . . 112 

64 , piotoperoxide . . 2.^3 


24 If we 1 educe in the same manner the icsults of the table 
in paiagraph 19, and ai range them beside the corrcspon<Iuig 
ones which we have previously obtained, we have — 



The agieement of the observations, winch weic nislitutcil 
under diffeient ciicumstances, leaves nothing to he desired if tvt' 
exclude the micaceous iion ore. As icgaids poiuleis, a soiuco 
of eiioi consists in then unequal pressure into the wateh-gluas j 
and since it cannot be admitted that 111 the two montlis, dm iiig 
which the powdeied micaceous iron 01c was exposed to llu* air, 
it might have undergone a chemical change, I am mchiioil (o 
attiibute the difference to the foimer soincc of eiior 

25. Although non is of itself so strongly magnetic, it loseu its 
magnetism in most of its chemical combinations in so gicut a 
degiecj that until quite iccently, ns those wore not alti acted by 
the magnet, they weie regarded as not mar/nclto. I have imt 
yet been able to examine the depoitiuent of the j»'olo,vi(h' n/ 
lion, noi to determine accurately m what jiropoilion the inhuHity 
of the magnetism ofii on is diminished in the jnii c ’jperoanle On 
taking diffeient kinds of the peroxide of iron occiuring m mil lU o 
and piepaied in iaboiatoiics, the lesults wcic extremely discuril- 
ant It miglit be imagined that the different intensity of iho 
magnetism in the vaiioiis kinds of peioxide of iron might be con- 
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ncctcd itli then vciy diilcicnl appcaiaact^s^ ami also to Uia cot 
lesponding vciy (lifluuit moleculai states m which the puo\ulo 
IS loimed both in iiatmc and in the liboiatoiy WiUxout Misli 
in^ to apeal posxlivclj upon Uns pomt the supposiUou appdus 
to mo ho’s^evci la jet best founded ihit the dilTeieut intensity 
of the mignctism aiiscs fiom ui adnuvtnu of piotovide llu 
fiist pei oxide of non winch I examimd, and nhirh is denoted by 
III 111 the 21st paiagiaph was ])iu( lued fioin llu hychali whu li 
occuis 111 the table in tho ISth paia^iaph^ by bealuif^ it siiongly 
to ledncss in a liiinaee it was so siion^ly nuiftneUe^ that it wu« 
tal cn up by i %eiy weak ni In coinpausoii with the by 

diateitwis a handled tmus ation^d, lumt the intensity ot 
its magnetism w as 

15201 

Ihis peioxide evidently < onlimis a c onsulciablc quantity ol 
o'vide in admixtine Ilcud also I thml it piobilite <Imt llu 
oxide the nm^netisin of whuh is =^00 is not luc lumi 
piotoxidc^ and contains moie of it than I he oxide II 1 dale 
not yet veiitiue to deleimuie^ fiom the nbo\( data the nunila i 
which coiHsponds to tlu puu ))eioxule Hid luunnitU is hum Ji 
less magnetic than micaceous non oic that which I txaimncd 
has not been subjei ted to u eheniital analysis , il li weie ( htnu 
cally pine, I should eousidei 1 31 as about the ma nclmni ol tin 
pci oxide 

Wcie we to deduce Ihc magueUsm of llu pcinxule ol non 
fiom the magnetism ol thelijduited ptioxidi of mm picpaud 
m the chenneul laboialoiy^ foi winch we fouiul J on iko sup 
position that tlu waiu whuh is added lo llu pciovulc in ihe by 
diate excits no inllucnec upon its magnetism, \u should nbluiii 
the numbci 20G, which by tin last assuiuplioig tlml the lul 
hdcmatite possessed the noiimil magmtism, would Ik ioo gical 
But this t»uppositiou 18 cnliuly unmi|>poil<d, mid tlu two mim 
bcis would not be inconsistent if (as m tlu (UH( of imkol, only 
not in the same clcgice) ihc u itoi uddc d to the hyduitc iiu icaaed 
the magnetism of the oxide (piotoxuU) 

2G ihe powuful mngnclism ol tlu magnelie a on ou is it 
inaikable in moic than one lespect Ihut winch I exuniiiud, 
and which 1 obtained tluough the 1 imluoHH ol M Noggointlij 
togethei witTi otlui imncinlB bom ihc Pojipc iBiloii collection, 
came fiom Sweden, and as stated, s\na put o pi otopci oxide con 
taming theiefoie ucaily 31 pel cent oi inotoxido of non ami 
6J pel cent of the pcioxide If ue w(i( to Kgiud if as u me 
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chanical mixture of peroxide with piotoxide of non, \vc should 
obtain foi the magnetism of the pei oxide in the mixture^ 

69 P34 = 93; 

consequently^ on deducting this number liom the magnetism of 
the magnetic non oie, we have the number 40135 foi the mag- 
netism of the 31 pel cent of piotoxiclo of non. If wc xeduce 
this number to oui unity of weighty we get 

132694 

for the magnetism of the piotoxidc, which would consequently 
exceed the magnetism of non itself 

Ti eating this question as a mathematical pioblem, we should 
obtain a move piobable lesult^ weie we to conveit the chemical 
foimula foi magnetic non oie (PeO 4- Fe^O®) into the quanti- 
tative equivalent (2PeO 4- ; toi if the magnetic non oic 

contained 62^01 per cent of piotoxide of uon^ and we entnely 
neglected the magnetism of the hypothetical PeO®, we sliould 
have for the magnetism of the piotoxidcj after icduction to the 
unit of weighty 

64S70. 

27* Shall we^ on the other hand, suppose that in the magnetic 
non 01 e, by the chemical combination of a powei fully magnetic 
body, the protoxide of iion> with one feebly magnetic, the ))er- 
oxide of lion, a body is pioduccd which is still more powei fully 
magnetic than the fbimer'^ 

I shall not at piesent ventuie to express an opinion ujion the 
intensity of the magnetism of the piotoxide of non. 

28 The most natural supposition is, that in most cases a 
small quantity of piotopei oxide of non is mixed with the 
oxides Adopting this view, 1 pei cent, for mstiincc of the 
former would augment the magnetism of the lemaining 99 per 
cent, to 402 ; hence, assuming the magnetism of the red htema- 
tite to be that of the oxide, we should have as its magnetic in- 
tensity 

635, 

which neaily coiiesponds to that of micaceous non oie Tims 
the increase in the magnetism of the latter would be pioduccd 
by the admixtme of about one-thud per cent of piotoxide of 
non. This would only make a difference of about one- twelfth 
pei cent, in the total amount of oxygen, wlucli would be difllcult 
to estimate by chemical analysis, ^ 

29 In accordance \Mth the view we have taken, we might cal- 
culate the admixture of the pi otopoi oxide of iron, if we knew tlic 
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inignctism of the peioxule undei examination li e ^ wo take 
the stioiiftly magnetic o\i(Ie III ^ and picmiae that it consists of 
^ pel cent of pcio\idc and ij pel cent of piotopoioxulcj ^^e have 

^ I y := 100 

Ilf ^ ^ 103 27 !/- l^^Oi 

hence 

11, 

M hence 

Pci oxide = 88 15 
Piotoxide = 11 65 

10 Chemical analysis usually points out diicctly the quanli 
ties only of the simple substimeca existing m bodies but the 
mannei m m Inch these me intimately combined is denved mciely 
fiom a theoiotical combination As icgaula non in paiti 
culai, the ma^^nctie detcimin ition immcdiaU ly yields a solution 
of the lutLci point Jouimalinc, stain olitc and basalt, which 
w hen buapciuled between the poles of a inagncC even m the most 
btiongly in ignctic lupiid, do notecase to act magnetically could 
not possess this magnetism il the compauiluely small (piuutity 
of lion which they eoutam weic mixi d with them in llie slate of 
pci oxide 

III till following paia^iaph wc shall show at least by a 
btiikiug example, how < onsideuihlc quantitus of non (consli 
tilting as much as 12 pei cent ), when in u state ol dchnite ehe 
mical eombinatioig maj completely lose then mu^ncUbm 1 lie 
elecUo magnet then ceases to piovc the piescace of non, oi, 
even supiiosuij^ this pusenee, the kind of combination m winch 
it occiiis 

31 llie gical clifTeienco which occins in the magnetic i elation 
of the pcioxulo to the piotoxide in the mime way ceaBcs to bo 
appuent 111 then saline cornjwuruls AVbcn in solution, jiioto 
sulphate of non is ceiUunly moie stiongly magnetic than the 
pei sulphate, but mciely in the piopoitioii of 

131 21 ') 

In those haloid salts winch wc have examined, tins lelation is 
level sod I lie solution oj piotoxidc ol non m liydiochlonc acid 
IS moie feebly magnetic than the solution of the pci oxide lu the 

piopoitiou of 

^ 190 2‘^<1, 

and the piotochloiiclc ^f non is moio feeble than the pcicliloiidc 
in the piopoilion ol 


>16 >51 
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82 In saline solutions the original magnetism of the pei oxide 
IS not enfeebled by the addition of acids to the lattei 

lu the case of its combination with nitiic acid, not the slightest 
alteiation occuried piovided it was added to that peio\ide from 
which it had been piepaied The numhcis lepiesenting the 
magnetism in each case are 28? and 286 However, as the 
latter number, in confoimity with the picvious investigations 
(28»)j IS probably too gieat, the magnetism of the pei oxide has 
probably inci eased by the addition of the nitric acid. 

The magnetism of the peioixide, when m combination with 
siiljilmiic aetdy is gi eater than when in combination with nitric 
acid) and moie consideiable when in combination ^uth hydro- 
chlonc acid than with ni^yfmnc acid The piopoitiou (in the 
solutions) IS 

28? 332 1516, 

83 Accoiding to the tabulai sketch given in puragrapli 28, 
the magnetism of gieen vitiiol inci oases, token it is diwlved in 
water y m the proportion of 

78 : 126. 

Tlie same likewise appeals to be the case with the anhydious sul- 
phate of the pci oxide of non In this case wc olitam the propoi Lion 

111 • 133 

The magnetism of the dry salt is calculated fiom a pievioiisly 
instituted compaiison with the hydiaLc, with \^hicli it had been 
simultaneously piepaied (that detailed in the gcnoial sketch). 
(See the table in paragiaph 20.) 

84 In the case of nickel, the 21st paiagiaph piovcs the per- 
fectly unexpected relation, that the hydrated ptotoxule is much 
more potvei fully magnetic than the jn otomde itself y the water 
of hydration added to it met easing the magnetism about f am fold 

The acid added to the oxide, in a solution of the luLiate and 
hydiochloiate of nickel, as in the case of non, also augments its 
magnetism, and the hydiochloiic acid moie (although not to the 
same extent as with non) than nitric acid 

35, Manganese exhibits a lemaikable analogy to non I shall 
not ventme, m the case of either metal, to decide whether the 
hydiated oxide, as with nickel, is moie po\ici fully magnetic 
than the meie oxide But a conespondcnce with non consists 
in the protojiei ondcy which in the case ot manganese is pio- 
duced hy heating the hydiaitid oxide to :^dness, being considet-^ 
ably mote magnetic than the hydiatcy andpiobubly also than the 
0 vide* 
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^6 rh( Illative maciniiism of the atoms oi those substamcj 
which have been examined may be leadily deduced hum the 
tabuhu sketch j^iven m pmagiaph foi wlun ue have eh lei 
mined the lel itivc maj^netism of the non in the vauous cheuncal 
compounds foi the same weight this is also Wv> i claim maq 
notism oi the atoms of thc'^e nihstames^ piovided they eontaui a 
single atom of non only When the compound atoms of Uk sub 
St inces contain 2 oi 3 items of non, wc must multiply the num 
beis given lu the table by 2 oi d, to find the m igiutism ol these 
atoms Ihus, foi inslanee it the magnetism of the atom of uoii 
be placed at 100,000, the magnetism of an atom ol giccu vituol 
(I tOSO^ g 7110 ) IS c([ual to dS5 uhilst that of an atom of pei 
sulphate ol non (le^O^ iSO^) is =. Mi9 = GOH 

I he tabulai skdeli inoieovci gives about 1^ as the numbei 
icpicscnting the magnetism of tlie nielel in the piotoxicle of 
niekcl, and the numbci 180 as that of the hydialcd piotoxidc of 
nickel I he piopoition of these numbei s is also the piopoitiou 
of the mugiutism of an atom ol puiloxidc of nicl el and thul ol 
an alom ol hyduitod piotoxule of inel el Ilowovci, to be enabled 
to compaie tluse numbtis with those lehtmg to non and its 

compounds, wt must multiply them by the quolieui of 

tlie atomic weight ol non into that of mcl cl 
loi the simc puiposi we must Inst multiply the magnetism 
ol the man^mufee tontunud m flu hydiaUd oxide (Mn^O^ 
+ IIO) foi whuh the tible gives 116, by 2 on aoeounl of the 
double atom of manganese , the magnetism of the jiiotojiei oxide) 
(MnO 1 Mil O^), ulm h was dcteiminod lo lx equal lo 2 JO, by 3 
on aecounl ol the ieiiuuy atom ol mangaiUHo and then m bolli 
cases the quotient of the atomic weight of the non mlo llu 

atomic weight of the manganese by 

Whin at one time wt Hiaiile of the inn^nctaan winch a gwon (|uni(ity ot 
neinn (lifloicnl shcmi al tniniMUiuln po hc m. ami at uiiothci d ilm mag 
iictiiim of llio a( uiH 1 1 th ao (hnci nt cimpmndiy wo exmoBR uUnn whi h iiufk 
fi )m totally difloiont viowb It has limmu aiuadyicca «tuttd that loth 
idcuB Btnml in exact iclati n ami tins will bo Btill mure tlcmly KOim fiotn lliu 
following lomtnks 

It j wo^iilte non and llio pei xido t \\olm\o a^ the lolnlion of tha 
magnetism )f tlicso buI atunccs Im tho Bimio weights wlitio nbolUcd n^anne ol 
cacTi IS imifuinily (liilnsscl ji^ulnn tho i\atc|^ glasn by tho tabic in [ uiagiaph 2 3 

100 000 00 

iu deduce the lolalton if tho warfnetisw r/ th ftf mh fiom Uiih wcmnsldivido 
lla aboic numbeiH icsp actively by the mintboi of nloniB coiUamod m cmli 
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37^ The following table^ which indicates tlie magnetism of the 
atoms of some chemical compounds of ivon^ nickel and mau- 
ganese^ lias been calculated In accordance with the piccednig 
paiagraph* 



Composition 

lUngnotism 
of Iho ntoni 

1 lion ♦ 

I’C 

] 00,000 

2 Magnetic non oic 

FeO + Fc^Oa 

lhfi,h5G 

3 Pei oxide of non I 



1,128 

4 Pci oxide of non 11 

L 03 


818 

5 Red liffimatitc . 



392 

fi Micaceous non ore 

1 

. 

1,522 

7 Ilydiatcd oxide of iron 

Fc^03 2110 

592 

8 Blood stone . • * 

Fc’OH »0 

180 

9 Pyrites 

PeS5» 

321 

10 Pei sulphate of iron ♦ 

Fe»0»3S0!> 

098 

11 Giccn vitijol 

FoOSO»+;hO 

380 

12 Piotoxido of mckd 

NiO 

17 

13 Hydinted protoxide of nickel . 

Nio + no 

100 

14 1I> dinted oxide of manganese 


221 

15 Piotopeioxulo of manganese 

MnO -h 2 iMji03 

090 

In solution 



1 Piotosnlphate of non . i i 

FcOSOa 

591 

2 Persulphate of non ♦ , 

FcaOsaSC 

938 

3 Pcimtrnte of non 

Fc8 0’>3N0« 

820 

4 Piotonitiate of nickel 1 

NiONQs 

219 

5 Protochloi ide of iron 

FcOH 

490 

0 Pcrohloiido of iron 

Fc^Cia 

1,171 

7 Protochloi idc of nickel . 

NiCl 

229 


I need haidly point out e\piessly, that I cannot legaid the 
numbeis in the piecedmg^ as also thoSe in the forinoi table, as 
by any means definitely fixeeb They will certainly undergo cor- 

ginmiTiQ of the two substances, or wlmt la the same, multiply thorn by then 
icspectiVG atomic weights. In this mannci we get m the above example — 

350 100,000 1000 500=100,000 . flOO 

Hence, if we again place the atomic magnetism of non at 100,000, that of tho 
peioxicle IS f)00, multiplied by its atomic weight ami divided by the atomic 
weight ot the non 

On tho othei hand, if we take a given quantity of non, at one Imio in its 
pino state, at anothei m combination with oxygen, in the foun of peioxidc, 
the magnetic a tti action is diffeient in both cases To find tho magnetism of 
the giammo of non in the pei oxide, we must evidently multiply the maguetibm 
of tins oxide, foi which the table in the 23 id paiagraph gives 600, by 

3000 
)t . 350* 

in whicli H denotes the luimboi of tho atoms of non contanied^n an atom of 
tlic compound 

Fiom tins example wc see that tlie^magnotism of yon, in any of its clicmical 
compounds, is efLual to the magnetism of the atoms of this non compound, 
divided by the numbei of atoms of non which an atom of tills compound con- 
taina, piovided that in eacli case wo take pine uncombmed non ns tho point of 
compai iBon 
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lection not so much on account oi tlu mtihotl u(lf)i)U(l 

in then dctciminahon ns on aecoimt of tlu un< 1 1 Uiinly n 
the chemical pinity ot the aubstancts to wliu li pouii m snliso 
quent dctei minatioiia of tins 1 uicl nllcnluin shouUl lx puin ipallj 
clii ected 


^ S ijompoA ison of the lnl< nsity oj the DiamaijiU inni o/ tUfft / ( ni 

mhlancc^ 

38 I shall lit \t detail the lesnlU of two hci h s t \ \n nwu nis 

Inch tic pci fuimed by the intthod {levdoptd ai the md 
the 6th paiagiapli Ihc cUctio ma^iutisin A\as in l)otii imn 
excited by a bntluy ot ten Giovi s (ilh^ imd in uu li um nihu 
acid, whiUi had not been incvionaly iisdl^ luul a mivlnii ol 
1 pait of sulpliiuio acid and 12 pnits of wuU i (by volinix ) u 
taken 1 he Mutch glass, AMthitsyoiind covu, mus hilt d wjth tin 
vauous substances ni succession and Nvhtu tlum hlh d miih < v 
posed as dtsciibcd in the 5lh paiHginiih, to the Iwn Imlvin ol llir 
1 eepei, the lounded cuds ol which m(u tmintl hmaidrt null 
othei, so that it touched each of them ai u Hinglt pouit only 
In the dctcimintiiion ol ihc utUatUon ot tlu wmU h glusn mIim It 
then ensued, the cum of obsuvatiou cu tmiily did not mnouni 
to OOl gun llu M eight of the solid bo the s was (hUuniindni 
each case and usually the spcufie guuity oi Lite fluids was Huh 
sequently taken 

In the fust seucs of c\pcHmcnts tlu following uhuKh wii 
obtained — 


Atti action of the empty watch glass with ilw 
co\ei and buiss img 
Atti action of the wutcli gliiHS Idled ^Ylth 

1 Distilled watei 

2 Alcohol I 

3 Sulpluuic a thci 

4 Solution of kumyanub of polnssimn 

5 SoluUou of fuudeyanuU oi potassium 

6 Phosphoiua 

7 Ovidc of bismuth 

8 1 lowexs of sulplun 

9 Sulpluuic acid 


j 0 (9 

(M 
0 if) 
O ifl 
i) 17 
0 / ^ 
n jir5 
0 u 

0 3*) 

0 to 


L 0 test Uie con'ifctancy of tUeJoico of the magnet, woig) lings 
O T -second watch glass, alicndy mcntionod m paingnttph 1 5 , ami 
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billed with tile laid“nii\tuie III, (100 lai’d, I G iron), wcio iniult* 
between the chffeient detei minations On fust clo^aing ibc riv- 
cult, the watch-glass was attiacted by a weight ot Gf)*0 gnus , 
this weight continually inci eased until it attained its ma\iuiuni, 
and then again dmunished to 70'0 gims. towards the oiuh Tho 
weighings, winch followed each othei as rapidly as pusHiblo^ 
lasted thiee houis, Aftei each weighing the circuit was ojicneil , 
the keepers, hoivevei, remained undistmbed* 


With legal d to the in ci ease of the force of the electro- magfntd 
at fiist, and its subsequent diminution, I have piclbucd not le- 
ducing the lesults of the \veigliings. If mciely magnctio sub- 
stances weie conceinecl, we evidently come nearer to tho tiutli 
when we considei the atii actions as in pioportion to the wnghts 
lequisite foi the ivithdiawal of the normal watch-glass at iho 
vanous moments* But aftei numeious observations, and Liu* 
investigations contained in the following paraginplis, 1 couskIfi 
that this piQceedmg, winch in consequence ol the gieat e\peuHe 
of time, augments the inequalities m the intensity of the cur- 
lent, IS unjustifiable m this case, wheie the cleclio-ninguet nets 
upon a combination of magnetic and diamagnetic substances, 
Moicovei, the collections have but httlc innucncc ujmn tlio 
icsult I theiefore piefer cousideiing the cunont as constant 
tnioughout, 

40. The second seues of e\penments was made on the fol- 
owung day , the halves of the keeper had lemamcd undieturbotl ; 
oil the addition of ficsli acid a similar oiicuit was set in uclioiu 
Aftei this had acted foi some time, a wciglit of 70*5 grms. wms 
requisite to mthdiaw the test watch-glass^ and thib weight, 
diuation of the weighings, vnimd 2 decigrine. 
fin attiaction of the wateli-glaaa, both wlicji cjnply «ijd 
Avhen filled with distilled water, was also found to be o^oellv tin- 


1. Alcohol IL, amounted to . . , n'lo 

2. Beaten ox-blood ... * ‘ 

3 Mercury , , , , , [ ’ ' 'X 

4 Sulphurct of cm bon , , ,,, 0 ? 

5 Hvcliochlonc acid . . , ‘ ’ a' li 
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HO i 

6 Nitnc atul 0 I ) 

7 Oil oi lui[)( iiUiu 0 \ 1 

8 Powilcud tcuuUjnni(h ol polimsium 1 1 | 

0 Powdcutl ( hlondt ol sotliuin 0 u 


lilt ol tliL solid HulisUuuis i \innnu d \\< u 


Phosphouis i JO 

Sul)lim( d Hul]diui 11 ( I 

()\k1o of bisniuUi I Mo 

( hloudt of soilmm ] MjJ 

Idiultyunidi of poliissouu 1I0> 

llu specific {^nuilKS, c\c< plin^ tliosi of Nid|)hun! H iHilioinoid 
oil ot Uupcntincj v\cu lound hy du<<t ddnmnmtion lo 1 h 
A l(olioIf OHII 

Ahuhol 11 Oh^l 

S]d[ihmi( uilui O/JO 

Sulpluuct of (uilion 1 Nil 

Oil ol tm[Ku(m( 0 H/O 

SulphuiK luid 1 HIN 

Nitiicncid 1 

II^dioddoiK luid I 1 i 

Solution o( fuoxymudi ol potiissimn MM 
Phosphoiufi j 72 


41 riio follounij^ tubU has Iniii (oinpdid lumi llu ddu 
mnmtione m the Inst pinaf^iaph 


Waloi 

AlcohdU (OHM) 

Alcoluil II (OHil) 

Saliilimic alia i 
Siljlaact if train \ 
bitliilnuic udrl 
Ily hoUilorlo 
NUiio add 

lie I ten 0\ i)l(» il 

bUnalttl solutl im f f< n \m\\h tfi fnstitiiu 
1 riuflp ni lot Ida of ho lini i | m I it l 
0X1 It of 1 tHMlllll {I >vdt i 1 
Sill litiiL I bnl[ I lit 
Od of tnniontiiie 

M icuiy • * 

1 li }S[)ii tn^ 


Hi K 

01 is 
i r 

1 i 

1 1 I 

1 1 1 

’ 

‘hi’ 

IWi 

11)0 

100 

ill 1 

IM 

111 

n 17 

1 U 

IN 

a 1 1 

IM 

\J7 

a 1 H 

1 !l 

IIU 

a au 

(0 

If 

<1 Id 

m 

lo^ 

n la 

71 ; 

JM 

0 1/ 

1 2 

0 12 

an 

70 

a 1 1 


70 

(Hid 



(1 10 


71 

Uid 

i 107 

Ul 

(1 li 

' ill 

1 

Oil in 

172 

11)0 
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The first column in the preceding (nhlo exlulnts tin* loiinNion 
winch the vaiious substances, when ineloHod in the ^^utch•'glnsH> 
expciience fiom the influence of the clociro iniignct, expiv^seil 
in giammes* In the second column the dianiiignelic n‘piiNion 
of the watei is placed at 100, and that ol the other sulislaiirt^s 
IS calculated fiom it. These mmihcis have a general siginli- 
cation, and aie independent of the volume iiud the shape of 
the substance tested] so that when we place the vnrioUH Kill)- 
stances in any other given foun, and withdraw tins m a t'(nie- 
spondmg mannei fiom the polos, the same munhers must be 
found In the case of the poudered subfetancos tlieao nmnbcua 
are neglected, because they have not a general signiflcation. In 
the third column, the diamagnetic repulsion winch equal leviffhtH 
of the substances examined cxpeiiencc, isexpicssed in nninbriH, 
theiepulsioii of watci being placed at 100. I^hus these num- 
beis give the coiresponding diamagnetic rcpulsioiiH, winai \\i* 
place equal weights of the vaiious suhstuiicen, iniifornily ilisfin 
buted, in the same given foim. The mimbeis correHponduig In 
the different powders hcic also have a pci fed ly d<dunt(‘ sign lo- 
cation. In each case they wcic at last picsscd mio (he b*' 
glass ^\Ith tolerable foice, and as unifoimly us possible, by nu'iins 
of the covei Assuming that they wcie uniloiinly jmssed in, 
their greater or less density has no lullneiue upon (he niunbeiH 
of the thud column, 

42, To the pieccding table I sliall append (he follouing ex- 
planations and lemaiks, 

Tlie merewy examined was pure. The ua(e!i-glaHH was (ill<*d 
with it, as with the other liquids] bul, asvsmuing u euiivex foun 
at the margin, it elevated the cover, so that at that pint nuiHt 
remote fiom the two halves of the keeper its form b(Tmni» huhk*- 
what changed. The diminution of the diainugnelu’ lepuiMou 
arising from this cause is scarcely jicrceptible. 

Imj)m emeicuiy may exhibit magnefic icaeiimm (7o.), 

43. The phosphorus was fused in watci', pouied into tlu^ \\n\eU- 
glass, and wiped off with the cover. It then solulilit^d uillnn it. 
With this same mass of phosplioriis some piidiiniiuiry expeii- 
ments ucre pievioualy made. With a weak enrreut (llie mag- 
netism being excited by only four Giovc's coIIh) tim lutenHideH 
of the diamagnetic repulsion of the phosphoriiH and of (lie wniei 
weie especially compared, ^Tbv former ^as icpellcd w ith a lore<‘ 
of 0 14 gim., the latter wuth u foiec of 0-08 gun. , henee the 
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dmmngnelic foices fot tqiial volumes acting upon x’latei and 
phosphoius^ aie in tlic piopoition of 

100 175 

Tins icsult agieca peifcclly with that pieviously detailed 
Such conloimity in the lesults which woic obtained undei dif 
feient cncumstances^ is a contiimatiou of the accuiacy of uiii 
view which although established as legaids uni^nciisin has 
only been extended by analogy to diamagnetism as fai as 1 elates 
to the compaiison of its intensity 

11 1 he alcohol I , which I subjected to examination in the lust 
senes of expeuments, was found foi the same volume to be less 
stiongly diamagnetic than wateij although a foimci but mcicly 
pichminaiy expenment had undoubtedly shown lliai^ on the 
contiaiy, alcohol is moi c stiongly diamagnetic than w atci 1 his 
appealed to me moie suipusing because oidmmy spiiit lamp 
alcohol of 0 851 spec giav had been substituted foi the foimci 
alcohol II whilst the alcohol I was obtained fiom a chcmicfil 
manufactoiy lo contiol this lesiilt, I again examined the alco 
hoi II on the following day, ind then found the picvious lesuH 
confiimecl, as also peifectly the weighing made with alcohol I 
on the piecedmg daj It also ippeaicd so nnpiobable that alco 
liol, when in combination with a small quantity of watci, should 
be less di ima^nctic, and when combined with i laitjCi piopoitiou 
moic so than pxuc watei Ihal I made a dnect expenment to 
decide this‘^ioint by adding w itei to the alcohol I Ihis caused 
but little dilFciencc in its dmmagncti m, as it appaicntly — vciy 
small quantities weic used — moic appioximatcd to the diaina„ 
netism of the watei Ilcnce wc can only imagine that the alto 
liol I contained non, 01 some otlici magnetic subatance, in 
admixtme, winch it had piobably taken up dining its nctih 
cation ^ 

With VGiy volal lie liquids the cvupmation occuinng dunng 
the expenment is a souicc ol cuoi Ihis would howevoi, mnl ( 
the diamacjnctism of the fluids 111 qmstion too gicat, so that it 
can afloid no explanation lu the picaent case 

15 Ihc tin CO acids which I subjected to (xammation aic not 
equally dmmn^nciic, hjdiocMonc acid is the most stiongly so, 
mine acid coi^cs next, and mlphunc acid last 

1 \m supposition la alao buppoUf d by tbo cncamHlance llml ouhniu) alt 
bol bin 118 with n blue flame wbibt in ilio icctilicd tlna was y allow 
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46 The depot tment of Jhiocyanogcn salh is moat U’- 
maiknble. In the 46th paiagiaph of my mernoii upon tho a(‘U()U 
of the magnet upon vapouis and liquids^ I have denoted hoLli ol 
them as diamagnetic; \^hich Faiaday^ by allowing ciystals ol llu‘ 
two salts to oscillate^ had also found them to be. 1'ho fart is 
doubted m the case of ihofci rocyamdey though I must witluli aw 
my assertion, that a satuiated solution of this sail is nunc si rung ly 
diamagnetic than A\atci, It was based upon the obseived mo- 
tion which this solution, contained in a watch-glass and placed 
upon the appioximated poles of a magnet, assumes on closing 
the cii cult, an indefinite mode of estimation, which, proliably 
on account of the alight ti anspai once, piepondciatcd in favour 
of the solution of the ferrocyanidc. But the case is fpiito 
chlFeient as legaids the asseition that the fondeyamdv ih 
diamagnetic; on the contraiy, it is decidedly mayneiic. My 
foiniei statement lefeis to a peiiod at uhicli I uas uiiaoqnauit(‘d 
with the lesults contained in my memoir on the lopiilsion of 
the optic axes of ciystals by the poles of a magnet, and arose li oin 
giving a false inteipietation to a coiiect observation. 

In the first senes of experiments, a tolciably concent lated 
solution of the feiiidcyamde, obtained fiom a chemist’s shoji, w as 
found to be decidedly magnetic Its mcigaehc attravUon aniouu led 
to 164, placing the diamagnetic •repulsion of water at JO(h To 
contiol this lesult, m the second seiics of experinienls 1 oxa-* 
mined ciystals of the fenidcyanido, piociiicd fioniMi chenucal 
manufactory, these vveie finely powdcicd, and the wutch-glusH 
then filled with them. Theyweie stiongly magnetic; lor the 
same eight, they weie 7 4 times as stiongly magnctieally at- 
ti acted as \iater was diamagnetically repulsed. I iinmcdiaUdy 
supposed that the contiaiy asseition might have arisen (rcmi a 
magnetic axial action. To decide this point, I bclecLi'd two ei y- 
stals, one a small one, \ihich Pi of. llcigemann gave mo as die- 
micallypuie; and a laiger one, which I had long had lu my 
possession, and which came from the Schonebeck nuuiidaoloi y. 
Both crystals, when suspended so as to oscillate honzonlally be- 
tween the ajypTovvmatcd apices of the poles, on closing the circuit 
flew to the neaiest of the apices of the poles ; tins occuncd evou 
when the cuirentwas excited by a single cell mislead ol toil. 
But when the ciystals, by ahoitcnmg or elongating the sdkwoi in- 
thiead by winch they weie suspended, \?cre slightly laisod nbovi^ 
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01 depicsaed bcloM the line of Uio apices of the poles, they tin i 
clodly assumed an equatoinl iiosition, ns a stiongly dimiin^ni (a 
iinciystallmc body of the aimc foun uould have done 1 hIihH 
ngam leciii to this subject on some futiue occasion foi lb 
pieseiit I must leave it It m houcvti so fai eeilain thid tli 
Feuidcyanide doiivcd fioin diffcicnt souues is magnetic 

17 ^I'he magnetism of the feindcyanule, in ojipositinn [a lb 
diamagnetism of the fonocyanidc is the mmc Kinai! abb as Ibi 
Lattei (1 cCy + 2KCy) is a compound of the pi otot yanidc ol u it 
and the foimei (Fc Gy'* h lIv.Gy) of the pcicvDudc of non nillt 
eyanide of potassium v^hlls^ the pucyanidc is a foim ol nun 
buiation in which the amount of non eoinpiucd uilh the t^ann 
^en diminishes in a gieatu piopoilion than in the piolocjimun I 
In a ccitain sense, the diffcicnt leacUon of the pioto and ]m i 
hloiidc of non, in mIiicIi case (in solution) the lattei is Cdliuiil) 
tiot magnetic^ but less diamagnetic than the foimci, founs an 
analogy to this 

The magnetism of the ftnidcjanidc appeals to be too gniit 
bo suppose, as oceuucd to mo foi a moment as piobabk, (bal 
tt might be asciibed to an aclmixtiue of piolochloiide of non, (In 
amount of nhich nould then be too gieat 

18 Finallj, if uc glance at the lust column of the tabh in ih 
list paiagiaph which, yo? equalioughh^ gucs the diaina^iu to in 
Df the diftcient substances, it is evident that this diamuj^in (i m 
n all the siibstanccs cmmiciated, nlnch uic not inixtuics in in 
lefinitc piopoitions may be expiessed a\ithm the limit s ol t an 
)f obseivation by pcifcctly simple numoiical iclatuma i In 

lealcst deviation one nineteenth, oecuis m siiblim(d sulplim 
md chloudc of sodium, but even iii these eases tlic piohalil 
1101 IS gieatest, on account of tlu want of uniloiimty in pu« ni^ 
n the powdeied subsianec the simple iiumencal iclulnim 
dludcd to aie — 

Phosphoius nalci, sulpluuct of cnibon*! ^ 
and h> di ocliloi ic acid j 

Sulphunc a)thGi and oil of tiiipeniim ^ 

Sublimed siiljihiu and eliloiide of sodium ] 

Nitue acid * 

Oxide of bismuth and sulphunc acid ^ 

Meicuiy j 

Aic these lelations accidental, oi will they be gcncially (on 
limed? Wo musi wait and see whctbei the lattei occius 
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§ 4. On the Gompanson of the Intensities ofnumnHie attriulion 
and diamagnetic ? epiilsion. 

49, In my memou on tlic rekUou of inngnclisni to duunn^^- 
netism, I have shown, that when ma^J^netic and (liunia^notic huIh 
stances aie mixed, and hence magnetic and dminagnctu ioircs 
exist together, the foimei foiccs decrease less in jnopnilum to 
the tnoease of the distance than the latter; hence that the mntc 
body macy at one time leact t\ magnotiCy at auoLinn lilvi* a 
dicimagueiic body* It thus follows that it is nupossihlc to e\- 
piess geueially by numbeis the lelativc intensities o{ niagiuiic 
and diamagnetic foices, foi hou could this bo ])OHSil)le uhen tin* 
same body, according to its distance, is at one inno at(i aided, at 
anothei lepelled by the elcctio-inagnct, so that m the <‘aso id 
the same body the active force may not only dnniniHh, but also 
change its sign? In a latex memoii upon diamuguelh' poluiily, 
I have shown that in the phenomena above mentioned lln‘ 
distance comes into consideiation, not as such, but ineiely ui* 
asmuch as the force of the elect) o-magnet diminishes the 
distance fiom the poles, that, at least, the suim^ body may Ik* 
diamagnetically lepclled by a poiverjid electio-maguot and ul» 
ti acted under the same conditions by a loeaher one ; thal when 
the force of the elect) o-magnet inneasesy the diamugjivhs))) 
creases m a gieatei proportion than the maguHisni, ^('he law 
deduced in the formei memoir hence holds good, ineiely no- 
quiung a difFeient theoietical interpretation and beisiming c\« 
tended. But now, aecoiding to my view, the cxjirosHiou by abso- 
lute numbeis of the quotients of the magnelic attraidion ot <nie 
body and the diamagnetic repulsion of anofhis’, must not hv 
attempted, this quotient is a function of the strength (»!' tliu 
electio-magnet. 

I shall next desciibe a series of observations, wlnek at lii’nl 
sight appear very suipiising, but on fuither cunsuh^niUon me 
a necessary consequence of the laws detailed m the \nv\ ioum 
paragiaph 

50 In the deteimination of the intensity of tlie dianiugueLio 
lepulsion of phosphoms, aa clesciibecl above, llic ^vuI('Ii-«Iiimh 
filled with this substance was suspended from ono end id llu> 
beam, and balanced so as to be kept oscillnlhig utoac abovi' llu* 
two halves of the keeper. ,On exciting the magnetism by luu 
Proves cells, it was attracted, and a weight of about 0'2j gnu. 
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» 111 the scale Inn^ing fiom the othti end oi the beam was icquisito 
to sepaiatc the ^^atch {^lass fiom the two lulvcb of the 1 eepci , 
but aftei it had been uilluli i\in^ the watch at a ccitain 

distance (about ^0 millim ) fiom (he elec tio ina^noi, hdd Jusl 

hy the latte) m such a maunei th it when fuilhei lemoved liom 
the magnet it was atti acted, ind when mo)t app) (nimaUtl to it, 
it was lepelled On openin^^ the ciieuit, the w itch i^lass con 
tniiiing the phosphouis sepaiated fiuthei liom the elceiio 
magnet 

When only two colls weie used the phiuouieiion desiubcd 
above was still bettci obseived even a less excess of weight 
sepaiated the watch glass and thelattci when m giiatei pioxi 
mity to the eleetio magnet assumed the leposc of Uahle ecpuli 
buum When tins had ensued and the magnetism was Llien 
withdiawn, the watch glass sepaiated completely fiom the elce 
tio magnet 

Ihc same pha/nomcnon was vciy well seen with ten cells, wlu a 
the phosphoins was lemovcd iiom the watch and placed 
immedntely in llie binss ung Ihe position of ccpiihbuum lu 
tins case existed at a distimec of X millnn to 5 millim liom the 
two halves ot the I ccpoi 

I in illy when meiciuy was placed ui the watch glass 
instead of ihe phosphoins Us witluh iwal then ensuing with the 
sli^jlU exicsa ot weight OOj giin the w Udi glass assumed a 
stable position oi e((uilibuum at a vtiy small dislaiue (about 
1 millim ) fiom the halves of tin I eepei so tliat at a little distance 
it apiicaied still to adhcie to the halves of the I cipci A cou 
suleiable excess of weight was leipiisite to lemovo tiu watch 
glass luithei bom tin halves of tIu I (ipii , Dus Hcpaiation oc 
cm led nnmeduitely when tiu ina^iutism was withdiawn In 
miothci oxpirnmut liOgims oXiiuiiuiy wtu pouud iiUo a 
poieelum cup, split lu ally lounded a( the Imttoin, and tins was 
suspended ui a biass ung As the attiaction of the (injily cup 
with the ung was too fu bit, an non lod (auanged axially) was 
fixed by means of wax to ihe conesponding beam, on using ten 
cells ihe attiaction llun lose to 1 M) gun Ihe cup with moi 
ciny was then wUluhawn by a load of 0 HO ^iiu , so Unit we get 
0 10 gim as the diamagnetic zepulsiou of the mcicmy Iho 
stable positiofl of ctpulibimin ocemud at an elevation of X mil 
lim to 2 milhms on iipcmng the eneuU, the cup was laised 
moie than 100 milhms 
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62, The expeumentsin the two pieccchng paiagraplis pofmoss 
clemonstiative powei only when the position ol eqmhbniuu 
with closed ciicuit is quite m the vicinity of the poles, so ihiii 
the tendency of the balance to return to the oblique position of 
equilibiium before the closing of the circuit, acting in tlie hrune 
diiection as the diamagnetic lepulsion, may not uioroase the np- 
peaiance observed, and under cci tain cucumsiauoes alone [no** 
cluce it It 18 theiefoie dcsiiable to possess sonic niodificntioii 
of the pieceding experiments, in whicli no siieli diHturbing artimi 
occuis, which might so easily lead to false conehisuniH. 

I again suspended a watch-glass, in which was [ilaced a ruuiukal 
piece of bismuth, in the usual manner over the apjiioximnti'd 
poles, to one aim of my gieat balance, and then by eountei punla 
brought it into the horizontal iiosition of cijuilibiuinu At I ho 
same time theie was an aiiangcmcnl which allowed ol the watch- 
glass being placed at different distances above ilie [loloHj by 
laising or lowering the balance without the equihbnuni hiaisg 
distuibed. After this had been determined, the olcetio-niugneliMm 
was pioduced successively fiom a diffcient numbei of (frovr’a 
cells The magnetism and diamagnetism must Dieu show their 
presence by the attiaction and repulsion of the watch-glaHs» Tlie 
magnitude of this attraction and lejmlsion, measured liy the 
laismg and lowering of the watch-glass, is given in the IoIIowiuk 
aeries of expei iments , so that an approximate value may he 
made of the piepondeiating magnetic or dmmagu(*tic 

I The watch-glass m contact with the armature 


Number of cells 


IllillllllS, 

S'O 


8 llepulsioii 

® O'C) (scnici'Iy) 

f, "• 1 No perccptiblo t'lVccl 

11 1 he watch-glDss iais.ecl 1*5 millim. j~ 


Numbei of cells 8 llepulsiou 

M, 4 


ttt ™ , ^ Attmcliou 

HI. ihe watch-glass raised B’5 millims.:— 

Number of cells 8 Ilepulsmu 

4 AtU-acUon 

1 


2'2j 

!•« 

O'fi 

1-0 


f’O 

1*0 

3'() 
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IV I he \uitch glass laised 5 ^ millims — 

» lU n 

Numbci of cells 8 Aitiaction ^0 

1 3 2 , 

V ibe v^alch t^lass imsed B 5 milhms — 

Numbu of cells 8 Atti action 5 0 

] 5 0 

By xneiely compaiing a couple of the clati fiom the pic 
ceding obsei vations^ it is seen hou^ with the same suspension 
of the 'i\ateh glass containing the pieic o( bisaiuth the cntiu 
mass at a distance of 3 5 above the poles is ihainafjndicalhi 
lepdlcd and ma(/neiitallij all) acted w\i\\ neaily equal foiei ac 
coiding as the ennent is excited bj ct(/hi oi foui cells, fui 
thei, that the magnetic ittiaction inei eases considci ably n hen 
the elect! 0 magnets aie AAcakened by using only a single cell 
instead of foia cells It is also dishnctly e\iclcnt lion a giealci 
distance fiom the poles, coucspondnig to a diminution of the 
ponei of the clcctio maj^nets, pioduecs the same effect Winn 
magnetic attiaciion exists with a ^iven slunglli of cunent, 
WQ do not obfnin the gi cutest effect ncaicsl to 1*he poles on 
the contniy, this gi cutest cllcct tnices jjlaci at a consida aljl< 
diUance horn them it decica^c^ even to evamsroico by appioxi 
mation to the poles of the (lectio magnet il the lallci is siilli 
cicntly poneiful, and then by eonlimuiio the appioximafion 
diamagnetic lepntswn is appaicnt nlueh constanlly tneuase^ till 
the glass la m contact nmIIi the poles On (mployni„ tight 
cells the point of iiuhfleiciKe is aitnaU d at a disluiuc of about 
A milhms fiom the poles, and uitli /oil) cells fiom 1 nnllim to 
2 milhms ncaici to the pohs Ibemaumum niaj-jiulK cllid 
appeals m both cases, at hast uith ( i^ht (tils, not to be aUnined 
uith a chslaiicc of 8 niilhms 

In pcifoimuit^ the pu((diiig (xpeumtnfs, no (onstuntly 
obscivo, that e^cn in (he case oi tlu most (h eidtd diainugiulK 
eflect, at the moment of dosing no xpu/Mon but latlid a \ci) 
evident allxution, o(cuis, and Ihni this is (onveiLid into lepul 
Sion only aftci the lapst of somt turn ^llu ixpluiuition of thn 
jjlnenomennn must be sought (oi m the fae t, llml u hen tlu cii 
enit is closed yic pouei of tlu ni ignet atlaiiis ils (nine stiongfh 
only aftci a ccitmn lime, and not matantly Ihe obseivalum m 
question is consequcnfl/ a fiesh con?nmation of oin law 

^ 1 All the phmnomc na descubed, with all then modifications, 
voj V PVRi x\r 3 I 
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aie peifectly explained by the hct tint the elcclio imp,net acts 
thioughout upon a combination of magnetic and dnmagnetic 
substances, and by the ungnelism diminishing less in piopoi- 
tion than the diamagnetism with the foice ot the electio mag 
net, and thus also with the distance fiom it This is in fact 
wlnt I had pieviously stated, oven in the fiist of the two above 
mentioned memons^ without being awaie ol the phfnnoincna 
which have been descubed, in the following woids • — It ap 
peais moieovei to be a nceessaiy consequence of the icsults 
obtained, that the same body, peihaps in the foim ol a sphcic, 
at a gicatei oi less distance horn one of the poles ol the inignct, 
may at one time be lepelled thiongbout its entile mass, at anothei 
may be atti acted 

55 Thus if we could mciease the powei of the clccUo-magnct 
to such an extent, that not only the magnetic atlnu tion, but 
also the diamagnetic itpulsion, exceeded thcloiceol giavity, wc 
should have the lemukable phenomenon, Ihcil a body Jo) nud 
fiom a jiioim mtiluie of magntlio and dtamarjudic ^uhstanccs^ 
and oscillating fi eely in the at) above the of the magnet^ 
ivoald he )U%ined by the lattet The expeiiment might be pci- 
foitned even now, if we weie to invcit the poles of the magnet, 
when the foice ol giavily might be balanced by tlic magnetic 
attiactioii acting in an opposite diiection, instead of by the 
countei weight, and then the excess of the magnetic itti action 
alone ovei the giavity and the diamagnetic icpulsion would 
lemain active 

56 That the diamagnetism incieises moie lapidly than the 
magnetism when the stiength of the electio magnet iiK leases, 
may be confiimed by dnect weighings 

To show this provisionally, I took a hollow hemisphoie of 
sheet hi ass, and suspended it in the same maruici as the watcli- 
glass About 115 gims of bismuth weie then fused in it, and 
allowed again to cool The solidified mass could be taken out, 
and again leplaced On using in succession iiooy thee and ten 
cells, the atti actions of the empty biass cup amounted lespoct- 
ively to— 

gim gim grm 

0 69 lid 2 15, 

and that of tlie biass cup containing the bismutlP to — ■ 

0 53 * 0 71 ^ OIS, 

whence we have, as the charaagnctisin of the bismuth, 

0 14 0 12 1 67 
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' If m the above cletumirations^ a\\u^ht of 0 GO gim had 
been placed xn Ih^t scale p\n loccncs the \\ eights foi the 

ficpaiitxon the biass cup containin^^ the bismuth uould lie i c 
pdled by the clectio mov^nct in the hist and thud dcteimumtious^ 
but ait) acted in the second 

57 In tlic sixtii paia^^iaph of my memou ol the 8tli of Sep 
tembei, I ha\e diaun tlio conclusion on theoictieul gioundsj that 
hy the admiituie of hvo Buhsianccs^ one of wfmh is maqnetic^ tht 
ot/iG) diamaynoiiCy loc (unnot p)ocu)L a body whuh Zh atmlutdy 
ind%{fae)it to the znmput I uas then only enabled to uttiibutc 
this to a body which is indilRieiit at a ^iveii dislaiicc be 
coming diamagnctie on the diminution ot the distance, and mag 
neiic on its mcieasc llus mnj nou bi extended to the cficct 
that the same bodj may nndei exactly the same geneial eii 
cumstanees become magnetic undci the influence ol feeble mag 
netism but uhon the mSt^ncticfoice is inci cased, passing thiough 
tlic indiflciont state, it niiy become dininagnetic A dneet con 
fiimation of llus appeand to me d( suable I Uicicfme took u 
guunme of the eiystils ol pioiosulphato of non Minch hid u 
ccntly foimcd these I unelully dued dissolved n^5() gims of 
distilled Matci and filled the watch glass which had been used 
in the dctdininations of niUnsitj with fhe solulion When the 
cUtUo rnn^iutism was excited l>y two cxlls, it was foniid, by the 
method made use of in the found d( Icumnaiioim that the 
watdi glass with its (ontents was sonuwlmt inou sUongly 
aUiaeied than tlu imply walih glass llul vilun /umiUhwch 
set in aetjon, tlu leviisi oeinnid Ihus tlu soluiionHai ltd 
ziiaiputitaUy \\\ flu lust lust, and diaz}}ttipn(ualhi\\y tlu sciond 

I he wuUli glass, wiiluts ( ovd and iiug was still loo Hliongly 
magmiii logivi Ihisi lindsol di (( nnuuUmuH all (In aumaeyof 
whuli the) an Humiplibh I In abo\( pioxmiuU lU lominatioii 
ol the point ol mdilhidui is 111 giiuiul moii umiiiiti limn llu 
eoiHspmuhng om in tlu I hid paiagiaph ol my iiuinnn ol the 
iJiul ol hmuuiy IHjH, biiausi in flu laitt 1 tlu ivupmntumoi 
llu muoviud (hull, aiming (lom iIh Huiall quaufily iind gital 
ixUnI nl Huilut iniiihiis with llu undt 

laiaduy slafts timl IHOgis ol dysfals ol (In piolnsulplmlt 
of non aic insq^luunl foi tlu uinoval of flu ilmningnetmm of 
10 enbu nuluH ol uafii I lom this it is nuhiit, phuiiig the 
weight of tlu hnglmh tlihii ituhol^wafd at ^*^0 lGgifi,(liat 
the piopoUion is as 1 1 ' 


1 i ' 
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58. We have already (2 3,) found the magnetism of proto'sul- 
pliate of 17 on dissolved m waiei to bo equal to 

125 , 

the rnagneiiam of the non lor the same weight being placed at 
100,000 If in the same space which was picvionsly filled \^uth 
the unit of weight of the gicen vitiiol, mc now diffuse merely 
the fiftieth pait, the magnetism becomes reduced to 

25 

Its intensity would thus amount to only the 40,000th pa^fc nf 
that which occurs with a unit of eight of iron. 

If wc assume the same numhei as the measuic of the diamag- 
netic lepulsion of theiiatei^ a giammc ofw’ntci uniformly diffused 
within the watch-glass, on using siw Grovers cells, would expo- 
lienee a lepulsion ot about ^ Hence the 

water filling the natch-glass, which neighs about 11*5 grma., 
would suffer a lejiulse of 

0 14 gun. 

This numbei is somewhat gieatei than that found by observa- 
tion j it was obtained with the use of ien cells ' 

Fiom this it appears, that if we icgnrd the removal of the 
magnetism ^ the gieen vitriol as a compensating power, a lai^ye 
amount of maynehsin is i e(j[uisite to neulrahze a small amount of 
diamayneiism* 

This lesult, if it is all generally applicable, is evidently con- 
nected with the fact, that magnetism inci eases less lu piopoi Uou 
\ to tlie inciense of the force than diamagnetism, winch appeals to 

j lead to the conclusion that n greater cocioive foicc is opposed to 

I the excitation of the lattei ^ 

I If, in the pieceding development — ^bul evidently hovi ever with 

f less reason — instead of the magnetism of the green vitriol in 

' an aqueous solution, we took the magnetism of the solid green 

vitiiol, we should have 

0*08 gim, 

as the diamagnetic lepuIsion of the water in the watch-ghisa, 
which would be too little , foi this was found to lie the repulsion 
t whenyow cells only wcie used. 

I ^ 5. the Influence of Heat upon the Intensity of Magnelivn 

j and Diarnayneiisin, ^ 

I 59. The influence vvhicl^heat exeits upon magnetism has beou 

J a subject of numeious investigations. However, the influence 

j * Compaic my Meimm of the Slst Fcbmaiy 1818 
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^ which it exeits upon pum^uent sted magnets Ins alone been 
cxamuiecl u ith accuiacy 1 liis pci maucnt magnetism is clestioyecl 
by a white hent> it uas also found tint at this tcmpei itiue non 
ceased to be atti ictcd by i magnci Ihc obscuations of M 
Pouillct lefci to this point he found that cobalt even at the 
highest tempentuie, lemains magnetic that as the heat m 
Gicascsj chiomium ceases to be magnetic a little bdou a led 
heat nicl cl at 662 V y and manganese at 68 to 77 P bclov\ 
/CIO Aftei the discm eiy of dnma^^netism it occuiicd to me 
n hethci the magnetic condition of the body at these limits might 
not hi\e passed into ihc diamij^nctic state But 1 aiuday found 
that white hot non was always distinctly magnetic although but 
slightly so He was ncvci able to obseivc a tiunsition into the 
diamagnetic state noi has he obsened any influence upon the 
diamagnetism of solid md fluid bodies IIi meicly imagined^ 
quite lecently aftci Inking obsened that waun an is moie 
stiongly diamagnetic than cold aii^ ilmt heat might inciease the 
diamagnetism of all bodies Ihe method adopted m oiu detci 
minations of the intensity gives heic also the most ceiiam ex 
planatiou 

60 A hollow hcmisphci ical cup of sheet hiass millims in 
duimeloij was filled with white sand and a smiU piece ot sheet 
non placed lioii/ontally m such a inannci that the sand loimed 
a lajei G niillims to 8 milhms m thicl ness above it Uucc thin 
silveied coppei wncs> which convcigcd supeuoilj, woe fixed to 
this cup, aiul suppoi ting the scale pan, could be suspc nded to the 
beam of the balance Ihc cup with the sand was healed ovci 
a coal file, suspended lo the balance, bi ought luLo cquilibiium 
and placed as usual above the appioMiniUd louml halves of the 
keejiei the magnetism was then iMiiid by thi (uiient ot a 
single Qio\e 8 edl, and llu weight whuh w \h uqm ite to pull 
ofl the cup was dctei mined Ihesc ddeimmations of weights 
weie lepcated constanlly dining the giudual cooling lo a^ 0 Id 
the loss of time, this was eflteb d by giadually phu mg hisL shot, 
and then fine sand, both of whuh weic suliseqmnlly wtighcd, 
into the othei pan of the balam e until tlu scpaiation ensued 
fo dct( imine about th( ttnipciatuu, winch at the fast scpaia 
tion might be ^572 i , the time at which the euj) was wifchdiawn 
in eacli taso IH given in the following table, togethei with tlio 
wiight loqmsitc to piodaiee tin stpiflaLum I may icmaik hue 
that aftu tin foiuth sipaiution the cuj) still hissed when touched 
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externally with the wet tingex\ The cuvicni was not mtciiuptecl 
timing these deteimmations of weight* The eights arc those 
dnectly lequned for the sepaiation, collection appears xinno- 
cessaiy, because the cup with the band only is acaiccly at all 
alFected by the electio-magnet . — > 


Tunc 

Weights foi srpiutioii 

9 50 

fcriuH 

151 70 

9 52 30 

158*25 

9 54 

159*80 

9 56 

1G1*70 

9 57 30 

1C2 40 

9 59 15 

16J'16 

10 15 

16G*75 


We thus see how the magnetism of sheet iroii^ on cooling to 
the lempeiatuie of the loom, continually increases. The thf- 
fei ence amounts to 8 pei cent* of the intensity determined at this 
temperatuie* 

61* Feiomdeofiionw^^ next examined, Foi this purpose, 
instead of the biass cup, I took a somewhat smaller one al' 
poicelam, which was suspended to the balance in a brass rm|^. 
The peioxide, about 25 gims., was heated to 753'^ F* at leunls 
but its tempeiatuie at the first weighing had sunk to about 
572® F, Nine weighings, immediately following each othci, w(m e 
taken 5 and aftei the ninth weighing the tempeiatuie of the per- 
oxide was 84® F* The cuiient was excited by thice of Grovc^H 
cells* The attraction of the empty poicelam cup, which amounted 
to 0T4 gim* only, has been deducted in each case : — 

gum 

1* Weighing 52*01 
2* * 5G 97 

3 , * 59*54 

4* .* 63*04 

5* * * 65*96 

6 . , 67*61 
7 67*91 

8* ** 68*67 

9. » 69*01 

The magnetism of the pei oxide of iron, at the hij^icst tompcia- 
ture observed, is thus raihef more than»b per cent, less than (U 
the iempeiatme For the same temperatures it dmxi- 
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niahea in the case of the pcio\idc of non mou uqndly than with 
non 

62 Listl} that pioto\itlc of nickel the magnetism of which 
^\as pieviously dctci mined was submitted to expeiiment in 
exactly the same maunci as the pci oxide of non above Ihe 
heat acqimcd mus about the samc^ but six Giove^s cells weie 
used to excite ihe cuuent Ihc following aie the collected 
ma^^nctiG atti actions — 

tun 

1 Weighing 0 963 

2 0 96S 

3 1 082 

i 1 150 

5 1 206 

6 1 225 

7 I 182 

Aftei the fouitli weighing the poicehui cup still could not be 
held in the hand without pain, but this could be done easily 
aftci the fifth Aftci the last wcijmij;, but one the tcmpeiatuie 
of the cup was below that of the blood Ilithcito the weight 
icqiincd loi the sepaiation was deleumned by placing m the 
luo{)ei scale pan pieces of p ipei the swe of which u as constantly 
dnuiiushctl and the total weight oi which was subsequently de 
leiinined 1 loin this time the constant inci case of the ma^ 
nctibm was obscivcd dncctly foi six to eight minutes because 
nioie weiglils could constantly bo added j^iadually to ihc last 
but one In tins way the last weij^bt was found 

Ibe abo\c icaults aic extiomclv umiiikabli because a con 
} able chmyi in the oi igiual < h valed tempi i aim c ihd not p) o 
dac( any Uianfft in ihi. xnitvsiiy oj the mKfntUsm oj Uu p)otinidt 
of meld Ihc two fust wiighings aguid peihctly llu sub 
sequent ones show at least, Ikat ihi nuKjnilmn at a lowo Um 
ptinhiic inoeav^ nmaUantousbj with llu lattu %n a vioie am 
hutlid difjiu than at a iiK/hi) tempt ullage 

Ihc dipmtmcnt of t!u oxide of nickel m piobiibly in close 
connexion with the obseivation o( M Pouilh t above mentioned, 
that nicl (1 ceases to be ma^iu lie at 66^ 1 , w hu b, in ac coiclanco 
witli the moic xcccnt mvcslig lUous, signiruH meiely that the 
magndism ii?i educed to a minimum 

Is tins limit, alwUch the magnctiBin vaniHlies, ihe same m 
the (iiHC oi ihc pioloxKh ol niel il also? 
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(33 To detumine the uifluence \^hich heat e\eits upon the « 
cliamignetisia of bodies^ I fiist took bismuth In the biass cup 
mentioned in pangiaph 60, I fused 116 gims of this metal, it 
was heated to beyond the point of fusion, and then placed above 
the pole of the magnet The magnetism w as e\citcd by eight 
Giovc^s cells (the nituc acid had been used once picviously) 
Aftci the attiaction of the empty cup had been found to be 

I 97 gim, 

the atti action of the cup containing the fused bismuth was de- 
tei mined in the nmnnei desciibed abo\ c , and duung the gi adunl 
cooling and sohdificitioii of the bismuth, these dotciminations 
weze continued, without opening the cucuil, until the mass had 
again acquiied the tcmpeiatuie of the loom 

In the fiist expel imcnt, the weights icquisiLe to pioduce the 
sepal ations successively wcie— 

0 95, 0 76, 0 41, 0 37, 0 35, 0 235, 0 19, 0 3j, 0 38, 

0 35, 0 35 gim 

The fii St expel iment pioved beyond i doubt, in opposition to 
the expectation which 1 had bu'^ed upon lauaday^s opinion, that 
the intensity of the diamagnetism diminishes at inoic elevated 
tcmpciatuies Ihe idativc ineasuic of these foi the limits of 
teinpeiatuie in the expeiimont was 

I 02 and 1 62 gim 

A glance nt the results of the weighings gives use to the sup 
posiition tint dming the sixth and seventh wciglung the balance 
was not in peifect oidei Tins being picmiscd, ibe diamag 
netiara ceases to altei when the bismuth Ins cooled down to a 
ceitain tempeiatuic The thud bcfoic the last only would then 
contain a small euoi, winch is easily explained by tho natuie of 
the piocess being one m which haste is unavoidable 

64 The same expeiiment was lepeated, with evciy piecaution, 
m the same mannei, except that ten Glove’s cells (with nitiic 
acid which had been once picviously used) wcie applied, and 
the fused bismuth was of a highei tempciatuie The attiacUou 
of the empty biass cup amounted to 

2 15 gim 

The weighings, which weie then uninteuuptedly •continued in 
succession, and in which coiyitci poise wg^s effected by means of 
papei and fine sand, }icldccl the following lesults — 
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1 

Atti action of the cup 
coi tain g tl 0 bisi uith 

1 87 

Dmmnanctism of 
the rsnmth 

0 28 

2 

149 

0 66 

3 

1 11 

1 04 

1 

091 

1 21 

5 

0 79 

1 36 

6 

0 68 

1 47 

7 

061 

1 51 

8 

0 62 

1 53 

9 

0 57 

1 58 

10 

0 12 (unccilain*t) 

11 

0 la 

1 66 

12 

0 18 

1 67 


lo {^ive some idea of the tempuatuic of the bismuth, I may 
mcution, that in the fomth weighing the metal in ii fluid state 
escaped fiom the inteuoi tlnough the solidifying uppei must, 
that the tcinpciatiue aftci the tenth weighing was judged to be at 
1j 8 r to 17G r aftci the eleventh at about 131^ F, and aftei 
the last nt about 101 to 113 T Aftci this Inst \\eighing I 
satisfied myself meicly that the atti action lemamed constant, ox 
at least did not vaiy ^ miUigims 

65 Hence it is indisputably ceitaiii, that l/to diamagnetism 
of bismuth diminishes as the itm2}ualmo mcicases This chmi 
mition 18 consideiable Duiing the expcinnent desciibccl the 
intensity of the diamagnetism, which on the contuuy luci eases 
as the tcmpeiatiuc diminishes, was augmented siijold 

If we suppose that duiing its cooling the bismuth becomes 
oxidized, and thus inci cases m weight, oi tluil some magnetic 
body (n on), the magnetism of w Inch mcicascs as it cools, icmains 
mivcd with it, bo a of these causes would affect the icsult ob 
tamed, so as to augment the uiciease ol the intensity of the 
diamagnetism of the bismuth 

Ihe above lesult is especially icmmkablc, because by it 
the hypothesis that magnetism and diiima^actism when once 
called into action me an identical excitement of niattci, is sup 

riio cup iTio\o(l tiom llu hnlvcs of tin kcqui \\\wn \vci[,lnrt had not boon 
placed lu tcly hoi )ic Whtn iho atli icii n was dnuiiualunff an o)> 

8 tvai n ol tins kind would ho nu t auiuati il the Buppsition that an uuuh 
Bcucd concUHBiuu nd^lU h%\o cauatd tho ^tpaiali n had nutauHon 
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ported by both being w>ocUJied in the same mannev by lioat , this 
view has already been shown to be ho)ne out by both eivhibiliny 
polai ity. 

66* A series of impoitant questions is connected Mnih the 
above eKpeiiment, which was also subsequently repeated in a 
poicelain cup, and the same lesult obtained* 

Is theie a limit to diamagnetism^ so that at a certain degiee qf 
temperature it entiiely disappeai s oi is i educed to a minimum^ as 
IS the case with the magnetism of non, oi othei magnetic metals? 
In the case of bismuth this limit would lie between 572^ and 
752^ F. 

67 During the last experiment the state of aggregation of the 
bismuth became changed* It occurred to mo to investigate by 
expeiiments with other diamagnetic Bubstanccs, whether the 
tiansition fiom one state of aggregation to another cxcits any 
influence upon the intensity of the diamagnetism j such indeed 
does not appeal to be indicated by the last wcigbings* 

I fiiat selected steal me* This was fused exactly as iii the ov- 
peiimont with bismuth, in the same brass cup, and healed con- 
sideiably above the boiling-point* On applying a cuiront of the 
same intensity, it pioved to be always equally diamagnetic^ even 
dunng its solidification, and until ifc acquired the lempei aline 
of the loom , at least the diflPcicncc in the niiiaciion ol the cup 
filled with steaime did not amount to 5 milligima. 

68. 7 5 gims, of sublimed sulpluu wcic tlien taken, fused in 
the heniispheiical poicelain cup, and heated above its point of 
fusion. The cup was 46 milhms in breadth at Uic top, but us 
it was not sufliciently magnetic to overcome by its attraction the 
repulsion of the substance within it, a lod of non 60 millims. 
in length and 4 milhms m diameter was axially dncctcd, and 
fixed by means of wax to the couespondmg end of the beam, as 
in a former expeiiment* On usmg ten cells and fresh mtno 
acid, a weight of 

1'200 grm, 

was lequued to separate the empty porcelain cup. On insti- 
tuting the experiment as before, and counterpoising again alter 
each expeiiment, the following weights wcie found icquisito to 
sepaiate the cup containing the sulphur, which was at first in a 
state of fusion, but after the third w'cighing bogai? to sohdily, 
from the halves of the keeper — ^ 
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gni 

1 Separation 0 956 

2 0 9G8 

3 0 968 


grm 

1 Sepaiation 0 9^6 
5 0 956 

G 0 956 


Dmmagnt.tism = 0 211 gim 


It IS hence evident, that the tempeiatuic within the limits of 
the c^peiiment exeits no influence upon the diamagnetism of 
the sulphui 01 at least one which is scaicely pticeptiblc 

69 Listly 1^0 gims of mcicmy by weight wcie subjected 
to examination in the same cup and with the same adjustment 
In this cise, aftei each sepaiation the tempeiatuic of the mei 
ciiiy could be dctci mined without distuibing the expeument, by 
the immcision of a theunomctei Ihe tompciatuie deteimincd 
111 this mannoi is howevci meiely appioximativc^ and somewhat 
less than that conesponding to the moment ot the sepaiation — 



Atl action 

Ttnij lat 

] 

Weighing 0 791 gim 

260 1 

2 

0 788 

180 

3 

ofior 

ill 

1 

0 791 

121 

5 

0 806 

111 

( 

0 806 

100 

7 

0 806 

91 


Uiumagnetism =: 0 400 gun 


Ilencc, in the case of meumy also, the intensity of the dm 
magnetism at diflucut Umpeiatuies is tnvauably the mme 
1 he diflcicnt weighings heic conLiol each othoi, and thus also 
afloid i measme of tlic accmacy of the bciics of evpeiimoiita 
70 1 shall now subjoin a final cxpciimeui, which was made 
bcfoic I was in possession o( the piopci poicdam dish, with 
Jll j^ims of impmc meicuiy, m the same biass cup in winch 
the bismuth was cxaniiiu d — 


A! li action of the empty cup, 2 16 


Attinrllon of tho 

icmpointiiio 

DminagncUe 

repiiWUm 

Magnetic 
atli action 

cuji ami nucury 

after the Hcpa at ion 

of ill mcicmy 

of the inoreiiry 

1 1 81 

iJO 1 

0 11 gim 



107 

0 35 


3 2 2S 

, 1 Jfi 


OH 

1 0 )H 

Hi 


OH 
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Thus the impure meicmy used was diamagnetic at a higher 
and magnetic at a lower temj)eratuie. This appeals to aiisc 
lioiu tlic magnetic substances miKcd with it;, the magnetism of 
which diminishes as the tempciature inci eases* 

In conclusion, I am about to have an appaialus constructed 
ibr the puipose of making accuiato admcaBurcinents, m which n 
ihermomoLcr is fixed in the poicelam cup used foi the sepani- 
lion, and is separated aimultaucously with it^ this indicates the 
temperature at each moment in which the intensity of the mag- 
iiclism 01 duimagiietism of the substance to bo examined is de- 
termined. I shall then be in a condition to subject mctullio 
luckol to experiment. 
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suspended by the use of two springs y y m the shape of a Y, 
which with their two arms compass both cylinders at the same 
time, the one touching wood whilst the other touches metal, and 
thus upon the pnnciple of the commutator transform alternating 
currents into currents of a like direction* The points of contact ^ 
of the one spring are situated diameincally opposite to those of 
the other, the one y passing fiom the higher support 10), slides 
upon the lower surface of both cylinders, the othei y passing from 
2) slides upon the uppci suxface. This ariangement, applied 
for the pui poses of chemical decomposition, eliminates the gases 
separately, and moreover in double the quantity they are pro- 
duced by the usual anangemeni, in \Vhich the opposing cur- 
rent IS not reversed, hut is suspended by inteirupting the con- 
nexion. 

The different combinations of the springs arc accordingly the 
followings — In common cxpeiimenis without the mscition of a 
spual for the production of the extra cm rent, 9) and 3) slide 
upon the cyhndei Wg, as is depicted in fig 7 5 upon the cylinder 

how^evei, instead of the spimg proceeding fiom 5), one that 
proceeds from the clamp 1), and moreover 1) and 9) conti- 
nuously, 3) on the contimy nitcimiltently. Alternating cur- 
lents are however obtained when that which has hitherto been a 
secondary connexion becomes a chief connexion i currents in a 
like diiection, when it is inclined obliquely, and slides on the 
once interrupted edge. The galvanometer, the apparatus for 
pioducmg incandescence in platinum and charcoal, as also the 
human body, aie inserted between 4) and 8). For uninter- 
rupted currents in the same clwcction, y y alone arc used. The 
arrangement with an inseited spiial for alternating currents 
is represented at fig. 7* When the sparks of the sccondniy 
current are not to be examined, the spiings 13) and 14) arc lett 
out. With currents of a like direction, the springs // y arc in- 
serted alone in the clamps, whilst the appaiatus for measuring 
the currents is inserted between 1 and III instead of between I 
and II. If the current is to be mtenupted often during one re- 
volution of the keeper, the spring 3) is made to slide upon the 
cylinder 

The weight of the covered wire is 1220 grammes, tlie thick- 
ness of the uncovered wire is about its length 880^ The 
height of the cyhndiicnl rolls of wnc is 1| inch, their diamciciv 
that of the outer coil 2^^^ The front iron plate of the 
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keepci IS 5" long, 2" biotid, and in thickness Bach of the 
foui cylmdeis w has a dnmetei of the magnet, consist 
ing of fom lam dice, is 10" long, the height of the foin pieces 
togethei IS 22" The internal distance between the poles is 1", 
the external TLheiotating wheel is at the side, and i evolves 
obliquely to pi event the abiasion of the ciossed coid, it can be 
diawn out fiom the base of the machine, by which means the 
requisite amount of tension can be given to the coid At each 
turn of the wheel the kecpei levolves times llie suppoit 
extending fiom 8 to 11 on the left side is 5" high, the suppoits 
on the light hand ate only 2" high, by which means the side 
view of the appaiatus is bettex seen The distance of the iota 
ting kcepei fiom the magnet is leguhted by the sciews between 
which the axis tuins T he two wne coils suuoundmg the limbs 
of the keepei can be connected m a twofold maunci, either so 
that the one foims a continuation of the othei, oi that both 
aie connected at their two extiemities so as to foim a so called 
paiallel connexion 110' m length The changes m the intensity 
of the resulting cuirent which aie pioduced when the wiic is 
coiled m a paiticulai mannei, have lately been shown by M 
I enz* Foi if L lepiesenta the icsistancc to conduction of one of 
the coils A the lesistance to conduction of the appaiatus inaeitcd 
foi mcasuung the cuuent, then with a paiallel connexion theie 
aic two ways picscntcd to the cuiient induced in the wiie coil 
at its exit, namely the appaiatus foi measuung the cuuent and 
the othei wiic coil, between wrhich it divides itself m an inieiso 
latio to then lesislance to conduction If A theicfoic lepie- 
sent the clecti oinotive foicc of a cod of wne, then with n paial 


lei connexion a cuuent of the intensity 


2 A 
2A H 


will ciiculate 


thiough the measuung appaiatus, if on the contiaiy, the con 


nexton is continuous, a cuuent will pass of the intensity 


2 A 

A + 2L 


If thciefoiG the appaiatus foi measuung the cuuent offeia as 
gicat a leaistnnce to conduction as one of the elcctio motive coils 
of wne, % e if A === L, then the paiallel connexion is quite as ad 
vantageous as the conimuous, and theic is no occasion in this 
case foi any aiiangemout to eflcct both connexions As how- 
evei the same machine has to be used with chftcient kinds of 
appaiatus foi measuung the cuuent, and it is not convenient to 
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have a kccpci specially coiled for each, il will be found advanta- 
geous to use the second combination for such modes of measuic- 
ment as ofler gicat resistance to conduction, and the fiist for 
such as offer but little resistance, Now, as tlic human body 
offeis the greatest resistance of all the modes of measuring the 
current that have been applied for the pui poses of jiliyBiological 
experiment, the successive connexion is to be piefened to the 
parallel; on the contrary, the parallel connexion will be found 
more applicable for pioclucing incandescence in platina wires and 
chaicoal points, for the spailcs which accompany the intciiup- 
tlon of a short connexion, and for the magnetization of soft non 
which 18 enclosed in a cdnnccting spiral. Which of the two com- 
binations is picfcvablc for chemical decomposition will depend, 
for a given thickness of wiie, upon the distance between the 
elect lodes of the voltameter, and upon the resistance to conduc- 
tion offered by the electrolyte. The parallel combination of the 
wile coils may therefore bo called with as much right the 
ca?, as the successive connexion is called the phynologicaL The 
apparatus which effects both kinds of connexion by turning a 
hand, and which may be called a pachytropc, is not leprescntcd 
on the square piece of wood attached to the keeper in fig. 7 ^ 
order not to complicate the drawing, but it is dcpiclod by itself 
in the following woodcut, and in the first position of the move- 
able hand on the light side for continuous connexion, L for 
physiological action, in the second, for parallel connexion, i, e, for 
physical action. 



The disc of copper, which is exactly divided into In o Imlvcs, 
13 fixed upon a wooden support, and can be turned by menus 
of the Imndlo under the four jilaies of copper, so that the 
handle is alternately in contact with the left oi the light upper 
plate, a b aio the ends of the one wiie coil, up those of the 
other, p IS a connecting wire on the plate, under wlucli b is" 
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chmpcdj to tile nw of the keeper, and by me'ins of tint to 
the cylmdci W2 (fig ?), is a counecting wiie fioni tlie left Innd 
plnle passing undcincath to the cyJmdu with which the end a 
IS diiectly connected lliepoition cut out of the coppci disc 
IS supplied by ivoiy In the position of the handle to the right 
in the (list this plate of noi;j is exactly below the coppci 

pinto undci winch 71 is chmped, consequently the commence- 
ment only ot the nght hand wiie coil a is m connexion with the 
cyhndei Wi , the end (B hy means of the ii^ht half of the coppci 
disc IS connected with the commencement of the second spiial a, 
wliose end b is bi ought into conducting connexion with the cy 
hndei by means of 1 liib connexion is thcrefoi ena fS a bp^ 
r e both coils aie connected ono bchmd the otliei In the 
second figino, on the contniy, u is connected with a by means 
ol the left ImU of the coppci disc tlnough the wnes which cioss 
each othei without touching /3 by means of the light half is con 


nccted with the connexion is theietoie n 



the cui- 


icnts of both coils aie theiefoie united with each othei as well 
on entenng as on leaving them 

(59 Supposcmflg 7thepacliytiopefixcdto thebaseofthekecpci, 
the cylmdci s Wq and iemo\ed as also the suppoits 11,1 , G and 
111 GW iso tlie spiiUi^s piocecding fiom them and the cxtin spn al, wc 
ha^ c then Sixton s machine with the impio\emcnts of M Oort 
ling 1 m the pin pose of makin^, the following cxpeiimcnts I have 
added the pai ts just mentioned In this (oi m the uppaiatiia enn 
be locommcndcd is i vciy convenient instiument foi dcmonstia 
ting the action ot the cxtiacuiicnt at the commencement and end 
ot a piimaiy cniieiit i he suppoU L is intended to effect the in 
seition ot the spnalfoi piodiuin^ the cxtia ciuicnt iliccjlmdei 
18 conncciedw itli the spiial tlnough the spiing pioceeding to 5) 
by means of the wiic S clumped at 6) Ihe connexion then pio 
ceeds till tlici till oii^h I) mid 1) hyint msot tlieinteimittent pi mg 
to the cylmdci Jhe tw 0 othei uppoits Pand G, ns well ns the 
cyluidei me only used foi the pmposc ol showinp the bpail s 
of the secondmy cm lent and will be noticed hcicartei, § b3 Ihe 
cylmdci 10 ^ coustiuctcd upon the piniciple of a lightning wheel 
01 mntatoi, pi (scats ci^^hlcen mtcnuptions to the mtcimittent 
spiin^ 3) Ills us(d fin the puipost of londcung peiccptiblc 
the incieasG and detiease of the phj siological action, duiing one 
w^iolc icYolulion of 11 k kcepci 1 he ( ylindcis and ai e fixed 
VOT V 1 VIIJ XMII X 
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111 an insul itcd imnnei upon the* common a\is of iotution> the 
cylindci s iVo and on the conti ni ) j m c diicctly fi ved upon it^ and 

aie thciefoie in conducting connexion utth it 'I he ^pual b 
which maj he called the cxtia bpual, u as composed, when it is not 
otheiwise expiessly noticed, oi two (oils of well \ai rushed insu- 
lated coppei wue, each 400 ^ m length, of which only one is ic- 
picsented in fig 7 The thickness of the wiie is half a line, the 
mtcuial diamctei of the coil from 2 -^^ to 1^^ Ihese two spii ils 
c in be connected in a unifoim mannci oi ciossway i As it is w ell 
known that this has no influence upon the exUu cuucnt, this 
auingemeut afioida us a simple mode of ascei taming whcthci 
we have leally to do w ith this cuucnt oi not Into the tlucc sup- 
poits I, II, III, wuea aie sciewcd, eithcx two of which may be 
connected by means of handles ^ ihiough the body, oi by the 
^oltimetci 01 galvanomcici , as has alieady been mentioned 
The appnialus is thciefoic aiiangedin the manuci icpieaentcd 
below, whcic a lepicsents tlm lotating kccpci jur ^ 

with its coils, u the cxtiii spuul, u the intci- 
luption by means of the inteimitUui Rpung 
3 ) upon the cyluKlci w , and lastly, I, II, 111 u 
Ihe wues leading to iho appuiatus foi niea ^"*1 
swung the cuucnt These last admit of ilnee ^ 
difFcient modes of connexion, namely, I with 
II, I with III, and II with III In the lust mode the kcepei 
and the oxtia spiial aie in ihe cnciui, m the second the keepei 
only, and in the last only tho spiial 

70 Aftoi this detailccl dtsciiption of the appaiatus, it will be 
casj to iccoimt foi that which ocems when the kcepci 1 evolves 
Duung tho lotation of the kecpci fiom (f to 90 ^, % e fiom itt 
hoiizontal jiosition bcfoic the poles of the magnet to the veiLica 
position at light angles to the line connecting ihe poles, ihe sui 
loundmgwiie of the kecpci la tluoughoul in metallic connexion 
foi the spung 3 ) is always m contact with metal upon the cyhncloi 
10^ The incieasing intensity of the piim uy cuiient in the wiu 
p excites m the spual S an extia cuuent A cn dilating in an op 


* Ihc BO called gold Btunga intoitwincd with wliuh mo iiaqd tofastui 

the handles in the common baxton a machine, 11111*11 ncvci bo used wlicn tho in 
tensity of the physiologic il action is to ho dctciminod , foi the intensity of 111 
sliock depends cssontudly with tliobo upon the amount of foico with which ili 
atungi* aie sti etched Spnally coiled eoppoi \uips fnmly dumped ivitli aciow 
winch aio sufiicientb elastic and ahvajs effect aumfoim contact, mo to hi pif 

foiled 
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posite cluection^ \\hich consequently Meal ens the action of the 
pi imai y ( 111 1 ent At this moment the position becomes vei tical^ 
the spiin^ conies in contact Mith the mscitcd piece of moocI n 
upon the cjhnclci tv 2, the pumaiy cmicntof the 1 ecpei a (cases 
uid theic IS tlica c\citccl nn cxtia cuucnt J lu the spn il b 
Mhcn the ladci foims one cmitimiou connected mIioIc^ mIucIi 
la m the saint dnection with, and incic ib( s the action of the pu 
maiy cuucnt If the foimntion of tins second c\titt cuuent ui 
the same dnccUon with the piiniaiv (uiicnt is to be picventcd^ 
then^ the instant connexion is biol cn at H the cxtia spual S 
must bo icmoved fiom the closing connexion llus is effected 
when I and III aie united If^ on llic contiaiy, I and II me 
connected, mc then obtim the pumaiy cmicnt p Mcakencd by 
the influence of the incipient cxtia cuucnt A which, cnculatm^j 
in an opposite ducclion, is piodiiccd duiing the lotation of the 
kcepei fiom to 90 °, and augmented by the action of the final 
cuuent F, Minch, cn dilating m the same duection Mitb the pu 
maiy cuucnt, la excited Mhcn connexion is bioI en at u In which 
dnection the final action is excited t e whcthci^; — Ah IS is 
gicatci 01 loss than ;; can be asceitainodby mscitirig in place of 
the spiial S a length of wiic not foimin^ a spiial but oflaiUcj 
mi ccpial amount of lesistance to conduction 1 he connexion of 

I with 11 gives Uieiefoic the action of the pum uy cmiont alone 
If lastly II and III aic connected, we obtain when & is an nu 
coiled Miic no physiological action when S is a simal on the 
contiaiy a cuucnt m the saim diKclion with the pumaij cm 
lent t e the action of the final oxtia cuucnt by itsdf 

71 With a stinitjhl wnc mail tod wc obtain Ihucfoic fm phj 
siological tests-— 

With the connexion I and II the cuuent p 
I and III the cuiu'nt p 
11 and III no cunint 

With an inseited c\(i i spiinl, on the lonfiaiy, — 

Im the (omuxion I with II tin (Uuent/> — A f V 
I with in the cuiuni p — A 
II vMth III the cuucnt h 

Hull no physiological action is obiunecl with the connexion II 

1 1 0 nnst coavunoiU f 1 llus luiposj i a ihiii (jounan silvci wiio beat 
u|) nad lb \MJa8 thu line in llio ItUti N d ih Hi<Hlanco nicngaiu iccoin 
ifiondel ly Wlioatst no con 1 (m f a wiodon ami u niolallic boqw npoa 
wliK h tlio WHO coils an 1 nu il 
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and II when the iiisoted ^^^lc is straight^ is naturally only 
then the cascj, Avhen the intensity of tlie magnet is not voiy 
gieat. If houcvei the magnet used in the inaclunc is a very 
powerful onc^ then the influence of tlic human body as a se- 
condary connexion upon the puncipal cuiicnt is no longci tin- 
nnpoitant Vciy sensible shocks aie peiceivcd vhen a pouoi- 
ful magnet is used even with continuous sliding sjinnga without 
an nisei ted spiial. This however was not the case with the ma- 
chine here desciibed, for howcvci iiowcifiil the shocks weio \\ith 
an mtcimittcnt spring (quite unbearable when the lotation was 
lapid), yet none weie perceptible with one that slid uninterinpU 
edly. The influence of the body as long as it forms a secondary 
connexion (0*^ to and 180^ to 270^) may therefore be here 
disicgaided. This facilitates very much the examination of the 
complicated phaenomena in this dcpaitment, for it follows di- 
lectly fiom the absence of physiological action, wlicn a stiaight 
wire IS inseitcd and connexion made betveon II and III, that 
the poweiful action obtained u ith the spnally coiled wnc is solely 
to be ascribed to the final extia cm i cut K Vox olhci iheosco- 
pical tests however, ulicn connexion is made between II nud 
III, the cuiient^; takes a grcatei or lesser part in the icsuUa 
which are obtained* 


1. Physiological acltoiu 

72. Without insertion of the spiral more powcifnl shocks are 
obtained, as veil with one and twofold intcuuption (90° or 90° 
and 270°), when the hand of the pachytropc is airangcd for phy- 
siological than when it is airangcd for physical cffccls. The 
whole of the following phenomena, on the conti ary, arc much 
moie clcaily peiccivcd when the hand is aiianged for physical 
effects, in which case the pumary current possesses the property 
of magnetizing soft non moic powerfully'*. If I and III (;^— A) 

* If the magnet of the Saxton's inachino is leinovcd, ami iiistcatl of tho 
extia spiial between 8 and S a galvanic batteiy h nisei Led, wo obtain fioin the 
handler I and 11 and I and III, when the koopei n lotntod, tlio incipient cm 
lent of the galvanic Inttoiy, foi tho keepoi is by this auangement convoUod 
into a connecting eleclio-mngnet to tlio guhanio hattoiy, llio inagiioLiHiii of 
which becomes evanescent as soon as theiiiteimittent spung comes into contact 
with the inaoited pieco of wood, and thiiB induces the c\tia cm 1 out in the ooih 
of WHO This induced ciment parses ihiough the batteiy and tho body wlieii 
connexion is made between t and IT, and only ilnougli the body when I and 
111 nic connected The connexion II and III pioduccs no shock, foi tho 
olcctio-magnet is then excluded, and tho battoiy alono icinainB m the ciicuit 
Ihis sliock was moie powcijiilwith a keopei used in tlio inaoliino when thg 
hand la aiumgod for pli 3 »sical thanwlion it h aiiangod loi physiological eifacta 
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aic connected by means of handles tluoii^h the human bodj^ 
the shod s me \\cakci with insutcd spmls than ^^lthoufc thcni^ 
the icnson of whicli is obvious But tins physiological action 
IS \^cal ened still moic by the mseiUon of unenclosed bundles ot 
non uuc and tubes of sheet non into tin spn ils^ it is not so 
much w cakened by the inseition of non bundles of wiit in cntiie 
tubesj solid locis of soft noiij of soft and haul steely of cast 
noil and mekcl ^ the action icinsins ncail) the -sunc ns uitli m 
seited empty spuds uhen the mseitccl lods aie composed of 
coppei ziiie, Ini^ biass^ bismuthj antimony oi of the so called 
unmagnetic metals ni gcneial All these pli enomeiia icmaui 
uiiftlteied whon the spiiuls me connected m aid e oi in an altei 
natiiig mannei The facts hcic adduced tlicicfoie, nuheute the 
CMstence of an c^tia cuueni in an opposilo dneolton to tlic 
pumaiy cmiont and moieo\eij no diffcicnce is poiccptiblc in 
this action uhethei thepiiinaiy cuiient is continuous in the same 
diicctionj 01 whcthei it is allcinating 

73 If the ueakenm^ of the physiological action hoic obsei ved 
18 to be atlubiited to an cxtia cuiicnt ciiculating in nn opiiositc 
ducctioiij then this uoal cning influence must be \ciy much di 
minished when the exUa spanl is allowed to exeit an mducinj^ 
action upon a sccondaiy wnc placed paiallcl to it 1 o test this, 
a luuiowci Gxtia spual huMiig 100^ o( wnc was maeitod between 
the clamps 1) and 6) and this &piuil itbcH was inseitod into a 
spual which niaj be tailed the sccondiuy spiiul hi cwiso consist 
of 100^ of wiic When a bundh of non wuca oi a solid 
non lod was now placed into the cxtia apnal, the shocks fioin 
tlic handles I and III wcic vciy mconsidci able ns long as ilio 
oiitci accondmy spual was not closed, that is, as long as no sc 
condiuy cuiicnt could be pioduced in it As soon howevoi as 
tins Bccondaiy spiinl was closed and as 8oon as the scconilaiy 
cuueni could be made mamlest ni it by anj of the modes of 
testing, then the sliocl s fiom the handles I and III ngnm l)f 
came powciful I wo x\lia spiials cadi LOO' in length w(io now 
mscitcd between the clamps 1) and 0) and upon cacli ol thesi 
again u sccondaiy spual, 111 ewise JOO' m length By a Uans 
vdsc connexion ot these stcondaiy Hpuals, the nuhiecd s< 
eondtuy ( uiicnts miUiah/td ca<h othci, not howevci whin the 
connexion was in a hi o (lnc( tion Ihc nhocl s m the handles 1 
and III vvcie m the fust (asc much moie poweiful than m the 
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laatj because the transversely connected socoiulmy spirals pei 
ioimed the pait of an unconnected apnal 

74. The ^AcalccnlnI> eflecl piodiiced l)y the inscition of the 
e\tra spiral tilled \\ith non has a tluccfoUl cause. The curient 
cuculating in the ^^ire coils of the suiiounded keeper befoic 
connexion is biokcn by the sjninf’^ tiaveiscs also the coils of the 
extra spiial^ by winch means it cxpeuenccs a gieatci lesistnnce 
to conduction. If the inseited spnul has tlic same length of 
wuc as the cod of the kcepei, wlueh is licie the casCj then the 
resistance is five times as gicat wlicn the hand la arranged foi 
physical effects The shock which is pioduccd on breaking 
the closed chciut is thcicfoic pciecptibly dinunished even when 
the wile of the spiial is sti etched out strniglit. But the coils 
of this spnal now cxcit an inducing action upon each othei, 
as does also the incipient magnetism m the inscitcd iron* The 
incipient exiia cuiient thus pioduccd m tlic wire ot the extra 
spiral increases ilicicfoic the action of the augmented icsist- 
ance to conduction^ and it is evident tlmt^ as these causes act in 
the same diicctiou;, an addition to the number of Iho extia spirals 
must constantly mcreasc this notion* Tins occuis indeed in so 
palpable a manner, that, when five spirals having 2000 feet 
length of wue were iiivscitcd togctlier, and iron was placed with- 
in them, the shocks at Inst almost cntncly disappeared, 

75* If conncMon is made by 11 and III (IS), in whioli case 
the empty extia spnal alone leumins m the ciicuit, then more 
powerful shocks aic obtained wdien the hand of the pachy trope 
IS arranged tov physical^ than when it is arranged for physioloffi- 
cal effects* The insertion of unenclosed bundles of wiie and 
tubes of sheet iron very much increases the shock, Tins incicasc 
is less wltli non bundles of ^urc m entuc tubes, with solid 
iron, steel, cast non and nickel, With the iinmagnetic metals 
the change was too slight to enable us to say in which direction 
it occuried If the extia spiral, enclosing a bundle of non wire, 
IS suuoundecl with the secondary spiral mentioned at 73 ), thou 
the vciy powerful shocks obtained fiom the handles II and III 
with an unconnected secondary spiral aio very much weakened 
as soon as this secondary spnal is closed by means of met id 
When two extra spiials wcic msorlctt into two secondary spirals, 
with a tiansveise connexion ot tlic formei, the shocks fiom flic 
handles II and III ^^cle powciful, hut they wcic weakened by 0 
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like connexion uiwbuli the siooncliiy ciuient does not compen 
ante itself It follow fiom the united icsnlls detailed at 72 ) aiul 
75) tint the incipient e\tia cuiiinl is intiLased by the same 
means in its negative ictioiij as is the hnal c\tia cm lent m its 
positive action and that in both cases bundles of wno cvcit a 
mole poweiful physiologic il action thin solid non 

7G In the fouitli section the i ennui able pha.nouicnon has 
been discusbcd, that the physiological action of the scconclaiy 
cuiicnt of the Leyden jai is weakened by the nisei tion ot 
solid non into the connecting spiial and inci cased on the con 
tiftiy by the inaoition of bimcUes of non wno This \^as ex 
plained m the folloN\m^ mannei *— llie pheenonicna pioduced 
simuUaucously m non by the action of the connecting wiic 
namely, magnetic polaiity and clcctuc cuiients act heie in 
sucli a mannei that the ictaiding influence of the electiic cm 
icntg ovcipoMcis the iiici easing action of the magnetic pola 
nty, and hence the final lesult MiCh solid non lias a weakening 
tendency, whilst with moic lasting cuiients, e g the gahanic 
cm lent, m which the magnetism has time to devolope itself, its 
action ovtipoweis that of the clccLiic cuiients and hence an 
augmenting action also leaults fiom solid non this view, 
tlmt the scconclaiy cuiient of the Leyden pi is only cliffcient 
fiom othci induced cuuents in consequence of the slioitness of 
the piiinniy ouueni pioducing it, which want of duiation is 
without effect upon the clcetnc cun cuts induced in non but 
pi events the complete development of its mac^iietism, gums in 
piobibihty U it can be sliowii Ibui the same phxnomenon may 
be pioduced byotlici uk ins than fiictioiial elettiicit) ^ now tins 
can be done in the following, mannei 

77 If the extm spiial is suuounded with a secondaiy spual, 
its physiological action will be diminished, as we have scon at 7 
I ho sin face of a solid non cxliiulei exeits the same mflurnce 
as a scconduiy spiial An inoicase ui the length of wuc of the 
ejvtia spnal weal ens the piimaiy cunent If the mimbci ot 
nisei ted cviia spiiaK is augmented, and a solid non cyhndei 
placed within each, llun the pinnuiy ouiicnt weakened by the 
lengthening of tlie win will only be capable ol exciting a sh^hi 
di gicL of inaj^nctism in tin sc non ( jluideis If the intensity of 
llie clcctiH cuiiciUs c\( ited by the coils o( the cxtia spnal on 
the suifaee of the non rylindei does not diminish in the same but 
Ml a less dc^iec than the mimictisin simuUancous]> excited in the 



l7l DOVE ON HID EDEOIUIOl 01 INIjDOHON 

mass of non by these cuiients^ then ^lith a ccitain numbci of 
spirals we must obtain by means of solid non a clcciease instead 
ot an incicaae of powci llus nas diiectly obseived to be 
the case ^^heIl 6vc apiials cadi 100' in length \mic added to the 
keepei of the machine , nhilst bundles of non niit as decidedly 
inci eased the action This phaenoincnon is tliei efoic quite idea 
tieal uitli that obscivccl foi induction by machine elcctncity ^ 

78 When I and II (^^—A + I’) aie connecUdj in whieh case 
the kccpci and the e\tia spual aie included in the ciiciub wc 
obtain ph'cnomcna Inch aie a combination of those obaeived 
Mith the connexion I and III and of those uitli the con 

nexion II and III (E) When only one oi two empty spiials 
me inseitcJ, the shocks aic veij poweiful even uitli a slow ic- 
volution Tins gieai intensity of the shocks londcis it dillicuU 
to examine the action of inscitcd non Non mc have seen at 
71 ), that, vith the connexion I and HI {p—A), when the length 
of the insci ted n 11 c was mci cased, and paiticululy \ihcn tins 
vas in the foim of successne spnuh, the icsuUmg ciuicni was 
aluaya iieakei, and that at last with five spiuib it was almost 
impeiceptible When thcicfoic A la ncaily equal to zcio, tlien 

A+E will assume moie and moio the foim of E But it has 
been again shown at 77)> fbat, with the connexion II and III (E) 
on the inscition of one spnal, solid non mcicases the action, 
on the contiaiy, when five spnals weic employed, and each con- 
tained a lod of lion, the action Ava$ weakened, whilst bundles of 
non wiles even in the last case decidedly lenclci the action moio 
poweiful If thoicfoie with the connexion I and II (yj— A*! E), 
and the inacition of one spual, the incieaied action of the cm- 
lent p thiough E by means of non is gicatei than the dcci eased 
action of this cuiient p thiough A by meins of the snxnc non, 
we shall obtain eventually an inci eased action By the use of 
many spirals the action of tiny negalu e A is moie and nioie in- 
ci eased, but then E also compoits itself as a negative quantity, 
as the electiical cuuents induced in soft non weaken the phj^- 
ological action of the extia spual moie than the magnetism ex^ 
cited in the n on augments it The icsultmg cuiicnt must theic- 

* It appeals to me not improbable nltboiigh I Imvo mado no cliicct oxpun 
moiits upon the subject, tlmt similni expciimenls might bo instituted tlio 
cxtia cm lent of the galvanic baltoiy With a suflicieiU numbLi of snnalfl wo 
oUe^bt to obtain, when solid non is insoited a ^\oakcnnlg action upon tht shock 
on breaking contact, \ibtn bundles of non \Mie8 aro iiiBortad, an incicusing, 
action 
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fouc also be weakened by the addition of solid iionj and the 
inci eased action with one spiial must pass thiou^h a stadium of 
inactnity into a diminishing action when the numbei of spiials 
IS giadually inci cased 

By a lemaikablc coincidence the conditions foi inacli\ity wcie 
exactly supplied by the two spiials; which when it is not othei 
wise paiticulnily noticed^ always constituted tlie e\tia spiial in 
the cxpeiimcnts with Saxton s machine I obtained namely a 
weakening action with ccitniniy only, when solid non was in 
seited with othei 1 inds of non the intensity of the shod ic 
mainecl unalteicd I concluded fiomthis thcicfoic that bothcxtia 
cun cuts A and B almost completely compensated each othei, 
and that the inseition of non incieases to a neaily equal degiee 
two magnitudes foiming a diffcicnce When instead of the 
two wide spiials I chose one that closely fitted the iron cylm 
dci and coveied it tluoughout its whole length, the physio 
logical action was then decidedly mci eased by soft non, and still 
moie by bundles of non wiies When this extra spnal was in 
seited into a secondaiy spnal, the shocks from the handles I and 
II on dosing the secondmy spnal wcie pcicoptibly diminished 
Tins inciease of powei by means of non even took j^lace when 
two nauow extia sjmals wcie used Toi when these weic m 
sorted into two secondary spuals connected in a hi e oi in an 
altcinatinj^ dncction in the hist cise the shod s wcie wealei 
than in the last, which all tends to conhim the view, that tho 
positive action of E o\ci powers the negative action of A If 
five spuals wcic inseitcd an mciease m the powei of the shock 
was obtained, as with the connexion II and III when solid 
non was cont lined m the spuals, a diminution liowevei was 
obsoived when the spuals contained bundles of wnes 

79 Conesponding icsults to those which ha\c hoie been ad 
duced wcic obtained when the biealc was effected by means of 
the intcimittcnt spiing 3) not at an azimuth of 90^ but of 16®, 01 
with altcinatm^ cuu cuts at an azimuth of 15 and 215 ^ But 

* rho cjlaulcji upon wlich tbo uilcumttoiit apimg S) slide can bo 
turned aB an also and W4 bo tliat this Rpunp* enn hicak tb connoxi m at any 
n/imutli tlint la icqimcd 11ns tiunuigia on ily elf cted b) fillingup ibc spacca 
between llio cylmd is u f/5 Mj \Mth wooden iniLS loiuul llio n\iB and 
pio aing them alto ctlici agau sttbc inst cyliiidu whicnis fixed by means oi ii 
spuiig at B ihiB spiing la lu t lepicsenlcd at bg 7 noi me the wooden iiiigH 
in oidei that it migbl bo moiodi tinUly seen wbicb (ulindciB ar nnanlat d and 
wlucli in niedmlolj altachcd to tbo n\n 11 tbo cylind is caiuut bo tinned 
then a spung of n dctoiminato length hccomos ncci saury fu cvci} n/imutli 
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the lun^iktibk phiX)nomenon ob*i(iVLcl \MtU tin connexions 
I nid II nud II and III, in both oi which ciscs th( fiunl (\Lui 
ciuicnt active, that the shocks, which wcic jioicrptiblc on 
the inseition of non into tlie e\tia spiial coiisisiinf^ of the two 
commonly used spnals, disappcaicd when the 1 ccpci was itipidly 
lotstcd, and with a still moie i ipid lotation a physiological ac 
tion again appealed This m ly possibly be c\[)lained upon the 
supposition, that when the lotalion is slow Ihc (iiiicnl cuiLed 
in the exUa spnal by ihc action of the coils of wne upon each 
otliei IS foimed simultaneously with the ciuicnt induced in these 
wne coiU by the evanescent in ignctism of the inscitcd non, so 
that then the maxima of intensity of both ciuicnts coinculc 
With a moic lapid iG\olution, on the contiaiy, this laltci cui- 
icnt lemuna behind the foimei, so that with a ceitnin velocity 
of lotaiion its maxim i coincided with the minima of the loimei 
In this ease a ciiuent of unchanged inionBily would iiavci,sc the 
body, which giving use to a pcifectly uniloiin sciibation would 
not be pciccivcd , similu jiha^nomein ha\c been oliseivcd in ic- 
lation to ihi with pi cp nations of the fiog With a yet inoio 
lapid lotation the maxima again conuidc, and pioducc iiu quail 
ties of intensity which make themselves peiceptiblc Thus it 
would also be explained why thcsi physiological phenomena ol 
mtcifcience can only oceiu to the lull extent, namely, to the 
point of complete evanescence, with a dctciminatc mass ol non, 
and why we aic able to obtain them with ihc gicaiest ease by 
using non wiies, the numbei of which can be legulatcd accouU 
ingly* 

2 Spai h 

80 As the extia spiial and the kcopoi aic ineludcd in ilic cii- 
cult of the cuu cut when complete metallic coniu xinn is made, we 
obtain immediately at the cylinder ihc same ease as was de- 
teimined in the physiological expciimcnlsby the coiincxiou of I 
and II, namely, A h E But as, diuing the loLation of the 
kecpei fiom 0^ to 90^, the non enclosed in the extia spnal be- 
comes magnetized, which magnetism cannot become quite evancs- 

* In all clcteiminations of tho incioago oi dcLu no of a phjsiolo^Rul action 
nieiUionetl in this nioiiion, 1 ha\o \\q\lv tiuskd to niy own jiuktincnl alone 
hut have always callttl in llic agsBlnncc of otlicis In tho coiuso of iho expc ii 
mental senes, \\hi<h wcil o(tc*n \ciy exlensiVL and uqmii.d t,(nciall> two oh 
sencis I hiuehad to llnnk In thou assistance the Mcssis Von W) i, Ivoup,^ 
Du hoi a nod Kmston 
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cent ;t tlie moment connc\ion is biol cn the piescnce of the non 
A will augment the action moic than ind the sp iil s \ull coii 
^ bequontly be diminished*^ Now this occiiis in so icimiil able 
a rnannei, that on the inseition of non cylindcia into the spiial 
the bulhant spail which m as picviously obsci ved at the point of 
mtcnuption u on the cylindci almost completely \anisiics 
flnt this diminution of the spaik is caused bj an exti i cuuent 
pioduced by the spiialis evident, loi if II and III aie connected 
by metal, the spail on liical ing connexion at ti icissumes its 
full splendoiu, whilst vMth the connexions I and II xnd I and 
III cveiy spoil at w is natiually pi evented If, lastly, the c\tia 
spual 13 inserted into a sccondaiy spiial, the spaik at u is vciy 
much increased by its connexion 

81 As it Ins been shown at (78) that an obvious diminution of 
the shocks was only peiceived with solid non rods wheic bun 
dies of vacs exhibited an indisputable augmentation, so is the 
diminution of the spark much moie consideiable when solid 
lion locls aie inserted than when the same mass of non m the 
foim of insulated bundles of wiios is used, and still moie maiked 
w hen the bundle of wiies is enclosed in a conducting case (a biass 
tube) than when unenclosed Eveiy thing that favoms an aug 

mentation of the e\tia ciuxents tends to postpone, as legaids 
time the maxima of then intensity By the same means also 
the action of the incipient extia cuuent is inci cased that of the 
final e\tia cuuent on the contiaiy diminished The insertion 

Mnny obaeivaUons londei t exceedingly pulabi that a guUnnic cm 
lent by means of which non la mngn ti/ d attains the maxumii i t its intensity 
nihei than the non attains th i loxinunn of its tna nolle polaufcy It is thoie 
f 10 not impossible that if the olcctiic cmrent is ntoimpted tfiumg the tim 
that the magnetism is on the incicnsc in the non the magnetic intensity should 
conUnuo to inci ase foi a shoit time afta the intoviuption of the clectiic cm 
rent If wo ugaul inngnctuntion in confonnity with the thcoiy ot Ampiiic 
us an influonco dncUing the clectuc cm rents nhendy existing and snu minding 
the inlividnal mol cnl s then it would amount to tliia that the elenuiitaiycur 
lents which mo actunllj cii iilatmg m a lotatoiy maiinoi do not innnedmtely 
lesunio then onginal sU te tl me meat the motive p wei cease but ei ntimic to 
^n(^o n the dii clion wind has ht n gi\ n t tbcni foi a alioit space f time 
Acci uhng I } the view of Coal mb oknunt ly magnets would ha\ t be sub 
fltltiUol loi elemciUaiy cniicnt Now as long ns the magnetism incion oh A 
is induced m t 1 jc c mneciing wne and not 1 Iho occuu nc ol F is theiofoie 
still Initlici postponed by the piesone of Iho non and eoiiscqucnlb the dm a 
lion of tlio dis baig nlto othei incicnscd Allih s jhen niena li 3 We\oi will 
not oLcm when the piiuunj luii nt lias ahead) onlinued foi sneli a leiigtli 
of tmie that U itsell as well as tlic 1 1 1 neUBin piodiuid 1 ) it lunc ulicady at 
Earned thou ma\nna b fan the intciuqh<ii ftud ha\c con pie n tly lu come 
slatiomn) 
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of unirngnclic mctak mto the cxtia spiuil appeal ocl to cause no 
diminution of the spaiK, even when this wns composed of five 
connected spuals ^ 

82 These facts tend theiefoie also to explain why aspuiif^ 
which bleaks connexion ui a 7 imuth 1^6° on the nisei tion ol 
non into the spnal, pioduccs a diminution, il though but slight, 
in the vividness of the spaik, and why the physiological action 
also, with th( connexion I and II thiougli the body, appeus 
somewhat diminished, lUhoiigh, wilhoui the inscilion ot tlio 
spiial m this position of the kccpci^ the piunuy cuucnt would 
have uheicly exceeded its maximum As a gcnciid conclusion, 
theiefoie, in whatcvei put of the second quadiant the intciiup- 
tion IS edected, the fust extia cun cut will always have been in 
cieascd foi a longci time by the luseitcd non than the second , 
the piimaiy cuuent will theiefoie ha^c lost moic m the hial 
quad nut by means of the extia cuuent than it will gum up to 
the point ol mtciiuption in the second by the mscitiou of non 
It also appeals that the mtcnsitj of the piimaiy cuuent in the 
second quadiant clccicases much moio slowly tlian it uicicasGs 
111 the fiist quadiant, foi the spaiks and shocks niemueh muic 
intense when the spiing bieal s connexion m a/imuth 135^1111111 
when that is cftccted m a/imuth 45” The icason why tins 
occuis when no spnal la inseilccl is, because the coils of the 
kecpei itself, with the nucleus ot non which they enclose, muy 
in a eel tain sense be conbulucd as Us own extia spnal 

83 If spaik cxpciiments aie to be instituted, couespond- 
ing to the physiological expcuinenls in which the body closed 
the ciicuit eithci by I and III oi II and III, then an mange 
ment must be made to hi oak the metallic connexions I and 
III and II and III at the instant the spang bleaks connexion 
at n This was effected by the addition of a foiuth cylincUi 
W 4 (fig 7)> identical with the cjlindci on which u piesaes, 
and moicovei insulated fiom the axis, upon which any two of 
the connexions I and HI 01 II and HI slide Avitli a ecifcaiu 
piessmc, the one continuously, which is clamped at IJ) 111 the 
stand G, the oihei inteimittcnt, piocccding fioin 1 i) m ilie 
stand F If the clamp 7) is connected with 12) by a wnc in- 
dicnted by the dotted line m fig 7j and in the same man n 01 
15) 15 connected with 4) by a second wne, then, at the instant 
the spiing piocccdmg fiom 13) comes in contact with the wood, 
the previoubly existing secondaiy connexion II and III is 
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bioken on the contimy, 7) connected m ith 12) and 15) 
with 8) by means of Miies, then A^hen that spun^ touches the 
^^ood the piGMOusly existing sccondaiy conncMon I and 11 is 
bi okun 

It must be howevei boinc in mind, that tins case, as i\cU as 
that of chemical decomposition, Inch u ill be considei cd dii ectly, 
IS not pcifcctly compaiable uith the e\pcnmcntal aiiangement 
in the physiolot^ical expeuments foi as the body piesents a 
consideiable lesistancc to conduction, its influence upon the 
piimaiy cuuent could be disicgaided as long as it foimecl a 
secondaiy connexion uith n closed This is by no means the 
case v>hon as hcic with tt closed cithei I and II oi II and III 
foims a pci feet metallic sccondaiy connexion, in a^lucU case the 
galvanometei sho\AS that a gieat pait of the piimaiy cunent 
tal es this loute Nou we can alnajs pictuie to omselvcs the 
extia cuuent excited in the extia spual undoi the foun of a 
gieatei lesistance which this spual opposes to the piimaiy cur 
lent^; pioduced by the kcepei The inseition of non inci cases 
this icsistance, and in this case a gieatei poition of j) will pass 
thiough the secondaiy connexion I and II than \ihen no non is 
picscnt in the extia spual and indeed the spoil is then much 
moie biilhant, namely, that on the cyhndei tOi whilst that ntu 
on the cyhndei is neaily extinguished AVith the connexion 
II and III the aUj^mentation of tlie spaik in the sccondaiy con 
nexion at is not lemaiknble inasmuch as Eis thcic inciciaccl 
As with the adopted aiianj^cmcnt of the appaiatus the spoil on 
bieal mg connexion at u on the cyhndei W 2 and that between I 
and in 01 II and III on thecjlmdci appeal dneclly side by 
side, the glow mg intensity of the one coucspondin^^ to the do 
Cl casing intensity of the othei when non is niscited into ilic 
extia spual, picscnts a vciy insliuctivc specticlc 

3 Chemiral dccomposihon 

81 If the cunent is ictamcd constantly in the same dnecium 
by means of the foil eel spun s //?/, mul if the \oltnmctci is to hi 
intiodiiccd immediately into the oncuit of this cuiuiit but not 
as a secondaiy connexion, tlun the connexion will be clilleiciit 
when an extia hpiial is inscitcd than wlicn tlmt is not done 
If the wiics I and 11 piocccdin^ fiom 1) and 8) lead to the vol 
tametei this then foims the connexion between thd two cyhn 
del 8 tOi and by means of the stands C and D, as only one 
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mm of the spimg la m metallic connexion ^Mth one cylindei; and 
each btand consequently only in metallic connexion with one cy 
hnclei If> on the oontimy, the \oltamctoi is in cited between 
the wuos 1 and III^ the connexion then piocccda fiom the 
atand D thiongh the extia spu il to the stand hj, and fiom tins 
to the voltamefcci In the fiist ease ihcitbistnnce to conduction 
would consist of the lesistance ofteied by the wiic siinounding 
the keepci^ and that of the fluid between the clcctiodes ol tlio 
voltametci Bj the addition ol the usual cxtui spml the fust 
pait of this lesistance is incicnsed about live tunes Nevcithe- 
less the whole amount of gas thus obtained was only about one 
fifth of that obtained without the extia spiinl, and the quantity 
was veiy much moic lessened by the msoition ol non in thefoim 
of rods 01 bundles of wnes II the quantity of gas obtained m 
taken as the measuic of the quantity of olcclucily which 1ms 
passed tluough the wne in a ccitain time, then tins is actually 
diminished by the action of the li volutions of the extia spiral 
upon each othci, and by tlu magnetism ot tlu non which it 
encloses 

When the usual spiings 1), 5), 0) au used instead of the 
foikecl spiings y but in such a mannet that i) also la in coa 
fitant metallic contact with the cylindei and the voltameter is 
interposed m the fiist instance without this apnal, and nnmcdi 
ately m its stead between 1) andO), nilei wauls in eon juncUon with 
this spual so that it may be supposed to occupy a posUion in 
the middle of the inducing wne S, then wulhalteniating currents 
analogous phenomena me obtained to those whidi have been 
obscivcd with cuuents in a like dncction 

85 If howcvei the voltameter u to loim a secondaiy con- 
nexion with unmtcuuptcd cunents, at one time to the keeper, 
at anothci to the extia spiial, then it must be lutcrpoacd, the 
spimgs 3), 5), and 9) picsciving a like position, at one tune 
between I and III and then between 11 and III In both eases 
the mscition of non consideiably acre] ei ales the decomposition 
of watei The cuiient thcicloic which divides liseU between 
the pumaiy and sccondaiy connexion, cxpeucin < s, when non is 
piescnt in the extia spual, as well m the coils ot Hub apual m 
also in the coils of the wne sunounding the keepci, a gicatci 
amount of leaistance than when the extia sjnial contain a no 
non If, on the contiaiy, the voltimetei ioim a sccondaiy 
connexion to the sliaight poition ot the principal connoxion 
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then an impel ccptiblc poition only passes thiough it, foi if u 
18 in constant metallic connevion, and I and II tiic connected 
by the voltumctei, no dtcomposiUon ensues Similai lehlions 
aic obscivcd with I and III when conncvion is biolcen at ti in 
a/imuth 90 , oi 90® and 270® ^ o when the voltainetci aftei 
liavnij^ foimed foi some time a sccondaiy connexion, now be 
conics the eluef connexion (xus is then piodiucd m the volta 
metci between I and II, witli one bieik only in i/imutli 90 , 
UiGicfoie with a cm i out m a like dncction, and moicovei much 
moic gas with empty spiials than when non la contained in 
them 

I he chemical cflects theicfoie coiicspond with the phaono 
menu obacned with the spailcs Ileic also the ph uiomcna de 
pendent upon the e\tia cuiient aic moic distinct, when the hand 
of the paeliytiope is auanged foi physical than when it is ai 
1 anged foi physiological effects 

8G Lastly, it may be asked, wliat pinenomcna will occui when 
Uk eunent flowing at the commencement m a metallic cncuit 
without any secondaiy connexion is on the bi caking of this cu 
Club closed by the voltametci ? In the dia\viuf,the moment con 
nexion is biokcn at Uyl and III oi 11 and III must fiistbecon 
nected by the voltametei I hia is effected in the follow mg man 
nei — Suppose the piimaiy cun cut to be only once inteuuptcd 
m azimuth 90 and that the voltametei is inscited between b) 
and 1^) riic BpnngH Id) and 11) aic inelmod bo much to 
wauls the left upon the cylindci that when the spung 3) 
comes 111 contact with wood, the spung 1 1) on touches metal 
and vice vosdy whilst 13) la constantly in connexion with metal 
B( sides this, 7) is connected with 12) by a eioss wiio As long 
as 1) IS in contact with metal on tOg,the connexion is madefioin 
tOy tlnongh 5), G), the spnal, and 1), ]) to whilst the vol 
tametci, in conHcquenec of the mtcuuptiou on foims no se 
condaiy eouncxion When howevei 3) i cliches the inseited 
wood, the connexion fiom to is then eflecUd tluough 5), 
7), 13), U), Wiy 16), the Yoltametd, and 8), 0), the spnal 
IS thcicloic excluded It is obvious howevei that the tun ar 

* IJio insuLcl i>lnto < f wood ui winch lo next to the c^liiidoi a a ie in 
tcndcl foi nil uuUmg can cuts and c v ih lIjcuIoiq cnly on sixth oi Uio cii 
cuinfcroncc ant v^nu ocuiih in aduun tuuilly ipp isitopoHitiun Hid nuoitod 
j)icco ol wood luaiLHt to tho end oi tho axi<j ft oicnpic» on Uio con tun) one 
lialf of tho oucumfci iico ol tlio eylind i 
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tion of A IS not hexc obtained^ because, cluiing the rotation 
of the kcepei thiough the ncaiest scmicudc, the voliametei, 
m § 81, IS dll ectly intei posed in the ciicml of tlic cuucnt, i\< 
the kcepei also lemains m the connexion This is not the ea'ic 
when the voltamctci is nisei ted between H uul III instead oi 
being placed between I and III Ileic the spiial is in the lou 
ncxion, and the keepei icinains excluded If the coinmutation 
heic happens a little too late, \ic thcicloic obtain no iclion, and 
with I and III, accoidiiig as the pievious cmicnt is active oi 
not, a vaiiable oi in\aiiablc (piantity of gas vheu non is in- 
aeited into tlie spiial A liutlici pioseuition of tins investiga- 
lion theiefoic did not ajipeai adiisable, as iho slightest aUciation 
in the point of contact of the spung upon the cyhndci cxcits 
a considciable influence 

<t Galvanomcie) 

87 As uith continuous sliding spimgs altcinating ciuionis 
succeed each othel,^^c obtain m this case, c\cn when the gal 
vanometci ^ effects a seconduiy connexion, the pluinomuia ot 
the so called deviation iii a twolold ducclion, accoidmg to wludx 
the needle IS moved ni the same diiection to that ’u Inch it al 
icady occupied ton aids the cods of Uu galvanomctci, bcfoio 
being acted upon by any ciuicnl ulmCcvci Sonu thing sinulai 
natuially happens, hen uilh a spung that bieiks connexion 
twice (in a/imuth 00° and 270°), the wiic of Uu gilvanomctci, 
duiing the lotation of the kcipci llnougli the second audfouith 
quadiant, docs not foim a secondaiy but the chief coniiLXion 
In this lattei case tlicicfou the pha>nomcna me nioie pio 
minent 

8B If, ontlicconiiaiy,iho in teimittcnt spung (3) biciilcs con 
ncxion onlj once ni azimuth 00°, Ihen in like inannei ilic gal- 
\anomctei is tiaveiscd by alteniating cunents, but only when 

* In grtlvnuoiDctuc cxpeiimcnts iho t^tiu Rpaal must bo coUHicb lably r 
moved liom the Saxton u nmebme loi a*i hoou as tlm Haalm^ h 

bi ought fiom Us bou/oiUal jjositum bUoit llu o( tlio nuitjiu t inlu a \ i iti 
cal position the magnetism in tbo ma^uot Ixionimg hi o cxtilsan mdnimjg 
mflucncG upon tile non winch la co Uaiiiul in tbo oxha h)>Mai Jlic tuiuiil 
tlitiice mduced in tlio spiial is pticeptiblo at tousiikiablo distances ubtn tbo 
galvanomeki needle ib tiuly astatic Jo iiHPcitain llic distanco al wimli din 
distuibing milueute ceases, xio have onl) to connect the ends of the cxtin spiial 
111 the iiist instance alone with the galvanomctci and tiicn to turn the IcLopoi 
If no action then ensues, the spiial mnat bo al the piopci distanco fiom the 
mnebmo 
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the galvanomctei is inseitcd between I and 
III do we obtain deviation in a twofold diiec 
tion j with the connexions I and II oi 11 and 
* III, on the con ti aiy, a noi mal cm i ent, which, 
paiticulaily when the lotation is lapid, ovci 
powers the altoinutmg cmient If this cm 
lent flows from I to II in the galvanomctei 
which 13 inseited between II and I, then the galvanomctei m 
SCI ted between II and III indicates u deflection in the dnec 
tioii fiom III to II, with this peculiaiity that the deviation 
which becomes stationaiy piecedcs a cunent in an opposite 
diiection on the fiist i evolution, winch is likewise obtained 
when the 1 eupei is tuined half a levolution without being 
rotated 

It must howcvei heie be remaiked, that m this mannei, on 
the whole, no analogous pha3nomena aie obtained to thost which 
have been found with other modes of tual Ihe pioduction of 
the final extia cunent in its full cncigy lequncs that the cm 
lent picviously ciiculating in a closed metallic conductoi be siul 
denly veiy much diminished in intensity, cither, as in the case 
of spaiks, by an actual bieak m the circuit, or foi physiological 
and chemical actions by themseition into the intoiiuptedLiicuit 
of a substance (the voltametci or the human body) ofienng a 
much gicatei icsistance to conduction If the want of conti 
niiity pioduced at ti is supplied by a galvanomctei (as in the 
connexion I and II), oi if the cuiicnt excited m the lolating 
kecpci leinains closed by the galvanomctei between I and III 
on bi eaking connexion at then no intciruption whale vox oc( ms, 
and the zoio ol the cinicnt is tiansfcued to a/imuth 180® Ihe 
ciicuit IS only biokcn m reality with the connexion 11 and III 
when 1 IS able to foim i ho same applies w hen, to avoid altei 
natmg cuiicnts, the kcopu is only turned lound half a icvolu 
tion 

89 Now, by means of the spiings 18), 11) the galvnnome 
tci was fiist nisei led at that moment, when the ajning 3) at « 
broke connexion once m a/imuih 90^, and the kccpci was kept 
m continual lotation Ihe icsults wcie as follows — 

1 Qalvanomclor between 8) and 15) At the bicak the 
spiial 18 excluded fiom, and the galvanomctei cnteis into the 
connexion This couesponds theicfoie with the connexion III 

VOL V lAUi xvin 0 
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Riirl L The curieiit proceeded fioin I to III^ in the figiue 
thciefoic fiom s to a, 

2. Galvanometer between 8) and 4). First it forms a se- 
condaiy^ then a chief connexion. The keeper as ^Yell as the ex- 
tia spiral remain in the connexion. The cuiTcnt is fioin I to 11^ 
in the 6gaie iheieforc also fiom s to a, 

3. Oalvanometei between 4) hnd 15). At the break the 
keepei leaves the connexion, whilst the voltametci with thccxtia 
spiial come into the connexion. The cnrient piocceds fiom 15) 
to 4). This corresponds in the di awing with III to II. llcic 
too theiefoie the curicnt is in the diicction from s to a. 

It was furthei aacei tamed, that wdth forked spiings the con-- 
stant direction of the cm lent, clctei mined by the galvunomc« 
tci immediately included in the cncuit^ is the same wnth mi in 
aerteclapnal as without it, tlicrefoic p is in a like diicction with 
A + E. 

5 Eo^jje7 menu with tho empty Wire keeper, 

90 Although it IS piohable a priori that piimaiy cm rents, 
which are excited by the magnetization of soil iron, are ulontical 
in their action with currents wduch arc induced by a magnet in 
motion, it appealed nevertheless desirable to prove this cmpiii- 
cally. Instead of the iron keeper sin rounded with wnc, the 
empty keeper described at § 40 was employed. The insertion 
of the spiral, even without a nucleus of iron, produced with this 
hollow wue keeper exactly the same modifications in the phy- 
siological action as those described with the iron kec])cr at § 72 . 
The lesult is important, because it upsets the opinion that the 
presence of iron is essential in causing A to ovcrpow^cr IQ, and 
because it will now be seen that wc were justified in having 
neglected in the foicgoing researches the rcacUou of the extra 
cui rent upon the magnetism of the rotating keeper. Nor has 
the form of the non exerting the inducing action any influence, 
for the same phsenomena aio obtained when tho keeper of the 
machine is composed of bundles of iron wires. 

6 Immediate pvoduchon of on inteiruptiny conduotion, 

91. Lastly, a phenomenon observed during the rcaonvehes 
with Saxton’s machine deseives a shoil notice, because it affouls 
means foi answ^eung the question, whether the spark obscivcd 
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on bieakiUt, connexion in a wnc tliiough winch an ckcliic 
cm lent ii^ cii dilating occui s at the moment oonne\ion is biol en, 
01 at a mcasmable lime aftci this intciiiiption Ihis occui s m 
^ Saxton^s machine^ when the sliding spim^^ leaving the metd 
comes m contact with wood, which happens in a ceitain position 
of the keepei If the spaik is peiccptiblc at the moment the 
intcu option is cflccted the fcepei must liiuc tins position 
if It appeals at a latci penod, the position of the kcepei must 
coiiospond with a latci stadium of lotation Ihc dilfeiencc 
between the two positions will be gieatei the quickei the 
1 cepei IS lotated Now, when the machine is caused to lolate 
slowly 01 quid Iv m the claik the 1 ccpei, illnminaied by the 
spalls appeals peifeclly stationaiy m that fiist position^ even 
when viewed by a Iclescopc piovidcd with cioss thieads diiecled 
tow aids a ceitam maik upon the kcepei No measuiable space 
of time theicfoie tianspiies between the intcnuption to conduc 
tion and the appe nance of the spaik, although by this means 
a lessei magnitude than the ^ second eould be mca 

suicd 

92 By ihc leseaiches adduced in this section it has llicic 
foic been pio\cd, that the picscncc of non modifies the nega 
tive effects of the incipient e\tia cunent m the same mamici 
that it modifies ihc positive effects of the final exlia cuucnl, 
and that botli aic closely i dated to the sccondaiy cuiients ss 
legal ds all then piopeities which aic suaceptiblo of pi oof It is 
ime that those icscaichcs only extend to the paiticulai case m 
which the piimaiy cm lent is a magneto elcctiu eiuicnt Bui 
these cuuenis appcui at piescnt to offei the only attainable 
means foi instifuiing sueli investigations Besides, wilhoiil 
them ihc fact obseivcd foi induction with hictionil elccliieity, 
that an mci eased physiolo^^ieal action is cfleclcd by bundles of 
non wiics, and a deci eased action by solid non, would be al 
togclhei without analogy In § 77 ol Una section, I have sue 
coeded in showing the same pluenomcnon bj means of baxlon s 
machine Ihis appeals to inchcaii , that as the modifications m 
the action of non upon ihe cuiunta induced by it, accoidin^ as 
it 18 used in the foim of solid lods oi bundles of non wiics, 
may be tiaccd to a change in the diuation of those cuiients, so 
likewise the sccondaiy cunent of a I cyden jai diffeis only fioin 
the cun cuts iiuUieid bj othei souiccsof dcclncityin theinstan 
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taneouaness of the pi unary cuiicnt which pioduces il^ and m its 
coiiesponding shortness of duiation 

93 Fiom the expeiiments which Faiaday has detailed in hia 
fifteenth senes upon the electiicity of the Gyranotus, and fiom 
those instituted by Matteucci upon the Toipcdo I*, it moy bo 
piesumed that it mil be possible to obtain secondaiy cuiienta of 
sufficient strength fiom the piimlliy cuiienta ot those animals, 
capable of being submitted to similai modes of tiinl to those 
which have heic been put in piactice with secondaiy cmicnts 
from other souices of electiicity If the fish could be enclosed 
by means of collectors in the innci spiials of a difflicntial indue 
toi, we should then be able to ascei tain, by allow mg a bundle of 
wnes in the one spiial to oppose a solid non cylinder in the 
other, what influence the breaking up of a mass ol non into a 
bundle of wiies exeits upon these cunents We should thus be 
able moio accuiately to deteimino what position these cunents 
would occupy in the aeiiea in lelation to those pioduccdliom 
othei souices of electiicity If these wcic aiiangcd accoiding 
to the tune which a given quantity of electiicity icquiics to bo 
neutinlued, they would foim a sciics somewhat like the fol 
lowing — 

1 The cuirent of a discliaigmg Leyden jai, extia current 
from the same source, secondary cunents of the fust and liighci 
orders, and lastly, currents induced by bundles of non wnes, 
which have been elccUo magnetized by an clectuc battery 
These cunents exerting a powerful physiological action without 
a retardation of the current, do not affect the galvanomclci 
needle 

2 Cunents induced hy solid non, magnetized by means of 
fiictional electiicity 

3 Currents of lugliei oidcis, induced by electro magnetized 
bundles of iron wires, when the primaiy cuucnt is of galvanic oi 
of magneto electric ongin The lowci the oidei of the cui- 
rent, the moie distinct is its galvanometric action 

4 Cunents of the first ordei induced by bundles of wiics when 
the magnetizing cumnt is of galvanic, theimo clectuc oi mag- 
neto electuc oiigra 

5 The same cm rents induced by solid iron 

• Pliilowplncal Tiansnctions for 18)0, Pml I 

t Lssm stir let PUnominet Elecltiquet det Anmavit, Pan#, 1810, 8 
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0 The cuirent of Saxton s machine with an empty wire 
keepci 

7 ihe cuncnt of the same machine with a auirounded iron 
1 eepei 

8 The cuiient of the closed iheirao oi hydio cuemt 

In the histoiy of the science, the fiiat and last mcmbcia of 
this sciies weie the fiist to be discoveied Such a wide gap lay 
between them that doubts weie entei tamed as to then identity 
Now that a numbei of intermediate mcmbei shave been supplied 
by the plnenomena of induction, the giadation has become so 
gentle, that any cndeavoui to diaw a line of demtu cation between 
them must be pcifectly aibitiaiy 
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Article V. 

Investigations on Radiant Heat, By H. Knoblauch*. 
[From PoggendorfT’s Annalen der Pkysik, &c. for Jamiary and Marcli 1847.] 
Description of the Apparatus. 

In my investigations I made use of a thermo-mnltiplier^ an 
instrument which has been brought to such wonderful perfection 
by Becquerel, Nobili and Melloni^ that in experiments on radia- 
tion an unqualified preference must be conceded to it beyond all 
other thermoscopes. 

The accuracy of this apparatus, upon which, with its great 
delicacy, its peculiar value depends, is owing to the following 
circumstances : — 

1. That, on account of the coating of the pile with lamp- 
black, it is equally susceptible of every kind of calorific rays. 

2. That,^ after reduction of the deviations of the needle of the 
galvanometer to degrees of electric force, its indications may be 
regarded as measures of tbe heat received by radiation, because 
the intensity of the electric current excited in the pile by the 
difference of temperature, is proportionate, within the limits of 
these experiments, to this difference of temperature. 

The truth of the first position has been placed beyond doubt 
by the investigations of Melloni, and that of the second by those 
of both Becquerel and Melloni. 

The Thermal Pile which I made use of consists of twenty- 
five pairs of bars of bismuth and antimony, each of which is 35*5 
millim. long, 2-3 millim. broad, and 1*5 millim. thick. They are 
carefully isolated as far as the part where they are soldered, and 
cemented into a brass ring, beyond which they project 5*5 
millim., forming five series, each consisting of five pairs. Their 
extremities are sloped off, so that the anterior surface of each pair 
forms a right angle, its sides being 2*1 millim. and 1*0 millim. 
in length. The surfaces of both sides of the pile are exactly the 
same, and are coated with lamp-black of uniform thickness. 

The side next the source of heat is furnished with a polished 
metallic cylinder 30 millim. in diameter and 00*9 millim. in 

^ Translated hy J. W. Griffith, M.D. 
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lengtli, and the opposite side with a cylinder of the same 
diameter, but only 19 millim. in length. Both by these and by 
screens properly placed^ the pile is protected from all extraneous 
rays, so that, excepting the temperature of the surrounding air, 
which acts equally on all sides, it is only exposed to the influence 
of the source of heat. 

The conducting wires which connect it with the multiplier 
are fastened, by means of binding screws, to copper sockets, in 
which the poles of the pile terminate. 

The MuUijplier is constructed on Nobili’s principle, which ap- 
peared to correspond to the desired object better than any other 
recently proposed arrangements^ and its accuracy has been com- 
pletely verified in the series of experiments about to be detailed. 

One advantage in my instrument consists in the wire being 
composed of electrotype copper ; hence the disturbing influence 
of the iron* contained in the ordinary conducting wire was 
avoided. Certainly the wire was drawn through steel, instead 
of which a ruby might have been used ; however, there is no 
fear of the wire becoming contaminated wuth iron from this 
source, because the aperture through which it passQji w^as com- 
pletely covered with copper, and moreover it was carefully 
washed in dilute acid before being covered with the silk. How 
fully the object was attained in this way is evident, among other 
circumstances, from the double needle with the purified copper 
wire remaining only l°*5 on cither side of zero on the scale; 
whilst in the coils of an ordinary conducting wire it could not 
be approximated more than to 20°. The slight deviation of 1°‘5, 
which arose from the magnetism of the copperf^ might certainly 
have been avoided by closing the fissure between the coils J; 
but other circumstances appeared to render this unadvisahlc. 
The length of the copper wire which surrounds one needle of the 
astatic arrangement in IGO turns, is millim. ; its thickness is 
1*1 millim. The mean length of the coils of wire is 9 centim. 
2'5 millim.; their breadth, 4 centim. 6*5 millim.; their mean 
distance from each other, 15’0 millim. The two equal poi'tions 
of which the galvanometer wire consists, and which being wound 
around each other form the coils, may be combined so as either 
to allow the current to pass through them successively, and thus 
singly the whole length of the wire, or so that it simultaneously 

, ^ M()«er, Dove’s voL i p. *2G[, 

t II. Schroder, Pogg. AnnaL vol, liv, p. 50, and vol Ivi. p. 339. 

I Pcclei, /htiu de Ohtm, et de Phy^,^ ser. 3, vol. ii. p. 103. 
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enters and passes from both portions, and thus passes double 
through half the length. 

The combined magnetic needles are 7*0 centim. in length, 
ri millim, diameter in the centre, and 17*0 millim. distant from 
each other. The little ivory column which supports them is 
suspended from the finest possible silk-worm thread 30 centim. 
in length. Thus they form a system, which completes a simple 
oscillation in sixteen seconds, and assumes an almost constant 
position, determined by the torsion of the thi'ead and the com- 
bined action of the magnetism of the needles*, of about 45° 
towards the magnetic meridian. The upper needle vibrates 
above a circular disc 6f copper precipitated by galvanism, of 
8 centim. 5’0 millim, in diameter, and cut through at an angle 
of 90°, and upon the silvered margin of which the graduated 
division of the circle is engraved. 

A cylindrical glass case, 6 centim. high and 14 centim. in 
diameter, surrounds the whole; and its upper plate being only 
1 centim. from the copper disc, admits of our I'eading off to half 
a degree. In its centre a glass tube 32-5 centim. high and 22*4 
millim. in ^diameter is placed ; this surrounds the silk thixad, 
which is fixed to a metallic rod in its upper part, 14 centim. in 
length, capable of moving in a vertical direction, and serving at 
the same time to stop the motion of the needles. 

To protect the instrument from vibrations, it was placed upon 
a bracket, which was fastened to the wall by brass nails. The 
wires which united it to the thermal pile are not screwed imme- 
diately into the galvanometer, but to separate solid copper 
sockets, which are in firm union with the extremities of the coils. 

The thermal pile and multiplier were made by M. Kleiner, 
one of the most skilful mechanics in Berlin. I convinced my- 
self by experiment, that on using a pile of twenty-five pairs it 
would be more advantageous to pass the current through the en- 
tire length of the galvanometer wire, than to conduct it in two 
portions through half the length ; for the same source of heat 
which in the first case caused a deviation of 28° in the magnetic 
needle, in the second combination of the wire caused a deflection 
of only 26°-5 ; or in the first case of 37°, in the second of 35° ; or 
in the first of 51°, and the second of 48°. 

The former mode of closing the circuit has therefore been used 
throughout the series of experiments f. 

• Moser, Dove’s Repert, vol. i. p. 260. 

t That exactly the reverse should occur with a single pair, in which the 
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I shall pass over the manifold diflSculties which impeded my 
observations, and which entailed a long series of fruitless expe- 
riments, by wdiich I ultimately succeeded in ascertaining the 
entire range of disturbing influences, and, as I think, in over- 
coming them; for every one who engages in these investiga- 
tions has to learn the effect of local influences from his own ex- 
perience ; and an opportunity will hereafter be taken of detailing 
the minor conditions which must be taken into consideration in 
the critical examination of the results. 

L On the Passage of Radiant Heat through Diathermanous 

Bodies^ with especial regard to the Temperature of the Source 

of Heat 

The results to which such investigations as have hitherto been 
made on the immediate passage of radiant heat through certain 
bodies have led, may be briefly summed up in the following 
positions : — 

1. Heat passes through certain (diathermanous) substances, 
and this in an immeasurably small space of time. 

2. In one and the same body the quantity of heat transmitted 
is proportionate to the smoothness of its surface. 

3. The loss which heat suffers on radiating through a sub- 
stance is less in proportion as it has already penetrated through 
thicker layers of this substance. 

4. Radiant heat passes through different bodies in different 
proportions ; however the property of bodies to transmit it 
has no relation to their transparency. 

5. Rays from one and the same source of heat, wdiich are 
transmitted in succession through different diathermanous sub- 
stances, experience from this, losses which vary according to the 
nature of the bodies, and are always greater than those which 
they experience when transmitted through homogeneous bodies. 

6. Rays of heat, from different sources, which directly pro- 
duce similar elevations of temperature, pass through one and 
the same substance in dissimilar proportions. 

resistance to the conduction of the electromotive elements was comparatively 
small to that of the wire closing the circle, was a simple consequence of Ohm’s 
law. (The Galvanic Circuit, considered Mathematically, by Dr. G. S. Ohm. 
— Scientific Memoirs, Parts Vlt. and VIII,) 

In this case, experiment produced a deflection of 26° for a certain intensity 
of thermo-electrical excitation, when the current ran simply through the length 
of the wire of the multiplier ; but of 37® when it simultaneously passed through 
both portions of the coils ; and m another experiment, in the first case, 36° ; and 
in the second, 60°. 
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The experiments of Delaroche and Melloni, which were made 
with regard to this point, for directly comparing the transmission 
of heat from different sources through diathermanous bodies 
appear to indicate that the power of heat to radiate through 
these bodies increases in proportion to the tempei'ature of its , 
source. 

Thus Delaroche found that a constant number of 10 rays of 
heat, passing through a glass screen, 

with a source of heat of 357° was contained in 263 rays. 


650^=* ... 139 . 

... , 800 '' ... 75 . 

1760'=’ ... 34 . 

in an Argand lamp burning freely . . 29 . 

and in one furnished with a glass chimney . 18 . 


And Mellon! observed — to give a single example only from 
among the numerous ones which he has adduced — that 
of 100 rays of heat, which copper emits at 212° . . 33 

... ... which copper emits at 730° . . 42 

... ... which red-hot platinum emits . 69 

... ... from a Locatelli^s lamp .... 78 

pass through a plate of fluor spar 2*6 millim. in thickness. 
Two observations only form an exception to the position ad- 
vanced ; for pure rock salt, according to MellonFs investiga- 
tions, is penetrated by rays of heat from every source in a uni- 
form manner ; and prepared rock salt, according to Mclloni and 
Forbes, is penetrated by heat in a degree which increases in 
proportion to the diminution in the temperature of its source. 

Melloni withdraws a former observation, according to which 
the heat of red-hot platinum passes through black glass better 
than that of an Argand lamp ^ and shows that the instances, be- 
sides the example adduced, in which Forbes considered that he 
had observed the better transmission of heat of a lower tempera- 
ture, had not afforded pure results of radiation, and therefore 
could not enter into consideration in this point of view. 

The two instances specified therefore stand alone in opposition 
to an apparently general law. One only directly contradicts it, 
and relates to a substance which differs from other diathermanous 
bodies in numerous respects. Hence the supposition of an in- 
fluence of temperature on the transmission of heat through 

^ [On tliis point the reader should perhaps he referred also to Professor 
Powell’s paper, Phil. Trans. 1825 . — Ed.] 
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cliathermanous media did not appear to me sufficiently dis- 
proved, and I therefore endeavoured experimentally to decide the 
^ question, 

Whether the power possessed by rays ofheat^ of passing through 
^certain bodies^ has any perceptible relation to the temperature of 
the sources from which they are derived. 

After the extended investigations made by Melloni on the 
most dissimilar bodies with such extreme care, I could not expect 
to discover new substances which (for the sources of heat used 
by him) might be classified with prepared rock salt as regards 
the transmission of heat. I therefore preferred changing the 
sources of heat instead of the diathermanous media. 

1. In the first series of experiments I made use of red-hot 
platinum, the flame of alcohol, an Argand lamp, and the flame 
of hydrogen. The former was kept at a red heat without flame 
(according to Davyds method*), by being placed on the wick of 
a spirit-lamp, which it surrounded spirally. The alcohol-flame 
had a uniformly trimmed wick, which never carbonized, and 
dipped in the fluid contained in a glass vessel. The Argand 
lamp, which was at a constant level, with a double current of 
air, had a cylindrical wick without a chimney. The flame of 
hydrogen issued from the tube of a gasometer constructed for 
the purpose, and which allowed the gas to escape under a con- 
stant pressure. The constancy of these sources of heat during 
the experiment was tested most carefully. They were, of course, 
only allowed to act upon the thermoscope to such an extent as 
would allow of their being submitted to comparison, being pro- 
tected from the rays of parts accidentally heated with them by 
polished metallic screens. 

However uncertain determinations of tempeiTiturc may be 
with regard to this point, nevertheless all natural philosophers 
are agreed that the degree of heat of a red-hot spiral of platinum 
wire is less than that of a flame of alcohol, which is able to raise 
the wire to a yellow heat; and less than that of an Argand 
lamp, in which carbon is raised to a white heat. Moreover, all 
would agree that the hydrogen flame t has the highest tempera- 
ture among the sources of heat we have mentioned. 

The next question is, whether, in correspondence with the 
, position advanced by Delarochc, the heat of the alcohol flame 
and the Argand lamp would pass through diathermanous bodies 

^ CoininunicHtod to the Hoyal Society of hoiiclon, Jail. 23, 1817. 
f Mitschcrlicb, Le/ubuch dcr ChemlOf 3v(I.cdit,, part i. p. 280-290, 
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comparatively better than that of red-hot platinum, and the heat 
of the hydrogen flame more freely than that of the three other 
sources. 

On this point experiment has decided as follows ; — When the 
red-hot platinum had emitted rays upon the above-described, 
thermal pile to such an extent that the needle when it was com- 
bined with the multiplier deviated to 20% it went back to 12® 
when a plate of colourless glass 1’3 millim. in thickness was in- 
troduced between the source of heat mentioned and the thermal 
pile. These 12° corresponded to the heat which passed through 
the glass. But when the alcohol flame, by its immediate action 
upon the thermoscope, had produced a similar deviation of 20°, 
the needle receded to 11® when the same glass plate was inserted 
at the same spot ; consequently the heat of the alcohol flame 
passed by radiation through the glass plate to a less extent than 
that of the red-hot platinum. The heat of the Argand lamp, 
which had also directly caused a deviation in the needle to 20®, 
on inserting the glass produced a deviation of 15®. Finally, 
when the hydrogen flame radiated upon the thermal pile so as 
to deflect the needle to 20®, on inserting the glass screen it 
returned to 12°. Hence it is evident that the heat of the hy- 
drogen flame and the red-hot platinum, notwithstanding the 
great difference in their temperature^ is capable of passing through 
a glass plate 1*3 millim. in thickness to an equal extent, but that 
the heat of the alcohol flame possesses this power in a lees degree 
than that of the red-hot platinum, although its temperature is 
higher than that of the latter, and the heat of the Argand lamp 
in a much greater degree than that of the hydrogen flame, not- 
withstanding its temperature is decidedly lower 

When, with the same direct action of the sources of heat, the 
glass screen was exchanged for a plate of alum 1*4 millim. in 
thickness, with red-hot platinum the magnetic needle receded to 
8®*25 ; with the flame of alcohol, to 7°-5 ; the Argand lamp, to 
10°‘5 ; and with the flame of hydrogen, to 7®*75. 

Thus the heat of the hydrogen and alcohol flame, with great 
difference in the temperature^ passes through the plate of alum 
to the same extent ; and that of the Argand lamp, and even that 
of the red-hot platinum, pass through this more copiously than 
the heat of the hydrogen flame, although they have a far less 
degree of heat. 

* [This agrees exactly with Prof. PoweU’s results, Phil. Trans. 1825 ; and 
according to that author’s views the reason is obvipus, — En.] 
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Radiation through gypsum exhibited similar phenomena. 
The heat of the hydrogen flame certainly passes through potash- 
and magnesian mica less freely than that of the three other 
* sources 3 an observation to which I wish especially to draw 
attention^ because it is opposed to the expectations which we 
should make after the experiment instituted by Melloni with 
mica. 

The following table contains the results which have been ob- 
tained on the transmission of heat through the diathermanous 
bodies above mentioned, as well as some others, for various 
direct deflections. 

Table I. 


Thick- 
ness m 
milli- 
metres. 

Substances 

inserted. 

Deflection 
by direct 
radiation. 

Deflection after insertion with 

Red-hot 

platinum. 

Flame of 
alcohol. 

Flame of 
A.rgand lamp. 

Flame of 
hydrogen. 

1-5 

Red glass 


11-25 

10*75 

14*25 

12-00 

1*4 

Blue glass 




11 75 

11-00 

1-4 

Alum 




1 n.sft 

7*75 

0-2 

White mica ... 

20° 

mmm 

18*25 


15-25 

0-1 

Green mica . . . 


17*75 

18*25 

17-75 

16 25 

1-3 

White glass . . . 


mmim 


15-00 

12-00 

44 

Eock salt 





15 75 

3-7 

Calcareous spar 


8-25 



8-50 

1 4 

Gypsum 


7*75 

6*25 

10-25 

6-25 

0-2 

Glass-paper ... 

20° 

11*75 

1150 

14*25 

11-50 


X-5 

Red glass 

22° 


12-00 

15*75 

13*25 

1'4 

Blue glass 


12*25 

12-00 

13-50 

12*00 

1*4 

Alum 


8*25 

8 00 

10-50 

8*00 

0*2 

White mica ... 

21° 

18-25 

18 75 

19-25 

16.50 

0*1 

Green mica ... 


18 75 

19-50 

19-00 

17 .50 

1-3 

White glass ... 


12-75 

11-00 

15-50 

1300 

44 

Rock salt 

21° 

l()-75 

15*25 

17 75 

16-00 

3-7 

Calcareous spar 


9-00 

8-50 

14 00 

9-50 

1-4 

Gypsum 


8-25 

6*75 

1125 

6-50 

0'2 

Glass-paper ... 

20° 

11-50 

11*75 

14-25 

11-50 




1*5 

Red glass 

20° 

15*75 

14-75 

19-75 

15 50 

1*4 

Blue glass 


13 75 

13-50 

15 25 

13 50 

1*4 



9*75 

8*75 

12-25 

8v50 

02 

White mica ... 

25° 

20-00 

21-00 

22*50 

18 25 

01 

Green mica ... 


20-50 

21-75 

20 75 

19-00 

1-3 

White glass ... 


14-25 

13-50 

17-75 

14-25 

4*4 

Rock salt 

24° 

20-75 

18*75 

21-75 

20*50 

3-7 

Calcareous spar 


10-75 

8-75 

10-00 

10*50 

1-4 

Gypsum 


9-75 

7-50 

1150 

7-50 

0-2 

Glass-paper ... 

24° 

12-60 

12-50 

16-00 

12-25 
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Table I. {continued). 


Thick- 
ness ill 
milli- 
metres. 

Substances 

inserted. 

Deflection 
by direct 
radiation. 

Deflection after insertion with 

Red-hot 

platinum. 

Flame of 
alcohol. 

Flame of 
Argand lamp. 

Flame of 
hydrogen. 

1-5 

Red glass 

35® 

1925 

18*50 

24-75 

20*50 

1-4 

Blue glass 


1875 

18*50 

21-25 

1 8*50 

1-4 

Alum 


1375 

13*25 

1 7*00 

13-50 

0-2 

White mica ... 

32° 

2G‘25 

28*75 

29-75 

25*75 

01 

Green mica ... 


2775 

29*50 

28*00 

20-50 

1*3 

White glass ... 


19*00 

10*25 

22-00 

19-00 

4*4 

Rock salt 

29° 

24*25 

21*50 

25*25 

23-50 

37 

Calcareous spar ' 


12-00 

11*50 

20-25 

12-50 

1*4 

Gypsum 


10*00 

8*50 

12*75 

8-50 

0*2 

Glass-paper ... | 

28° 

14-25 

14*25 

187)0 

M-OO*^ 


It is thus evident that the radiation of heat through diather- 
manous bodies does not stand in relation to the temperature of 
the source of heat in anyone of the instances which occur here. 

2. To render the experiment as clear as possible^ I also ob- 
served the transition of the heat emitted by radiation from one 
and the same body at different temperatures. 

(1.) For this purpose, with low degrees of heat, I made use of 
a Leslie^s cubef, the sides of which were 8 centim. in length; 
in this I heated water to ebullition, and then allowed it to cool 
gradually. The cooling took place so slowly, that the tempera- 
ture of the cube, during the short period of the insertion of a 
diathermanous substance, was considered as constant. 

The following phaenomenon occurred : — When, by the ap- 
proximation of the cooling cube before each insertion, a constant 
deflection of 35° was produced, the needle each time receded to 
when the colourless glass 1*3 millim. in thickness was in- 
troduced between the source of heat and the thermal pile, even 
when the temperature of the former was between 100° and 212° F, 
Thus the heat was capable of passing through the glass plate 

♦ It may perhaps appear remarkable that I liave not produced the same 
direct deflections of the thermoscope for all diathemumous bodies, for the sake 
of greater imiformity. The reason is, that I was compelled to be as sparing as 
possible with the hydrogen which formed one of the flames, hecainse each re- 
production of it interrupted the proper series of experiments for a considerable 
time, and disturbed the compaidson of the rcBults. I therefore always started 
from that deflection which the radiation of the hydrogen-flame produced without 
continued regulation, by arranging that of the other sources of heat according 
to it. I might certainly have reduced the various observations by calculation 
to a common one ; however, I have omitted this tedious process, because not 
the slightest object would be gained by it except the more elegant form. 

The above table (shows that the rock salt which I used did mt allow the rays 
from all sources of heat to pass through it in the same manner as was observed 
by Melloni with his. 

f J. Leslie, An Experimental Inquiry into the Nature and Propagation of Heat. 
Lond. 1804, p. 6. 
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to the same extent whatever the degree of heat of the radiating 
body was^ within the limits to which this investigation extended. 
In this experiment it was a matter of indifference whether the 
* radiating surface of the Leslie^s cube consisted of metal or glass, 
or whether it was coated with lamp-black, wool, or other sub- 
stances. The same was found to be the case with all other 
diathermanous bodies. Thus the needle receded each time to 
18"^ when, with a constant direct deflection of 35°, white mica 
0*2 millim. in thickness was inserted between the Leslic^s cube 
and the thcrmoscope ; and each time to 20°, when this was ex- 
changed for green mica 0*1 millim. in thickness. The following 
table will exhibit this still more distinctly. 

Table II. 


Radiatinp surface 

Distance of 
the latter from 

Temperature 
of the Leslie’s 

Deflection on inserting 

of the 

Leslie’s cube. 




the thermal 
pile in inches. 

cube accui fl- 
ing to F. 

Red glass, 
1*5 milhm 

Blue glass, 

1 4 millim. 

Alum, 

1*4 millim. 

1. Lainp-blacb. 
Deflection by 
direct radiation 
35°. 

8-5 

100 

120 

13-5 

100° 

113 

124 

147 

9 50 
9-50 
9-50 

9 75 

8 50 

8 75 

8 50 

8 50 

3*50 

3*50 

3*75 

3 50 

16-0 

212 

9 50 

8 50 

3-50 


5*50 

82° 

0-50 

8 50 

3 50 

2. Wliite glass. 

7*00 

104 

9-50 

8 50 

3 50 

Direct deflection 

9*00 

122 

9 50 

8*50 

3 50 

35°. 

12 00 

158 

9*75 

8 75 

3’50 


13 75 

212 

950 

8 50 

3*50 


7 0 

05° 

9-60 

8 25 

3*50 

3. Black paper. 

0 5 

120 

9 75 

8*50 

3 50 

Direct deflection 

10*5 

15« 

9 50 

8 50 

3*50 

35°. 

11*5 

160 

9 50 

8*50 

3 50 


15 5 

212 

9*50 

8 50 

3 50 







Radiating surface 

Distance ol 
the lattci horn 

IVmpcraturc 
of the Leslie ’h 

Deflection on inserting 




of the 

the tlu’rmal 

cube accord- 

White nuca, 

Green mica, 

White glass, 

Leslie’s cube. 

pile m inches. 

ing to F, 

0*2 millim. 

0*1 millim. 

r'J millim. 

1. Lamp-black. 

7-0 

05° 

18 00 

20 25 

11*00 

8*5 

100 

17*75 

20 25 

10 75 

Deflection by 

13 5 

145 

18*00 

20 00 

10 75 

direct radiation 

15*0 

182 

18*00 

20*50 

10*75 

35°. 

10*5 

212 

18 00 

20*25 

11 00 


8*0 

100° 

17 75 

20*25 

11*00 

2 White glass. 

10*5 

127 

18*00 

20*00 

11*00 

Diiect deflection 

12*0 

143 

18*00 

20*00 

11*00 

35°. 

14*5 

165 

17*75 

20*25 

1100 


16*5 

212 

18 00 

20 25 

11*00 


5 5 

03° 

17 75 

20*25 

10 75 

3. Red wool. 

10-0 

127 

18*00 

20*50 

10*50 

Direct deflection 

11*5 

145 

18*00 

20*25 

10 75 

35°. 

13*5 

160 

18*00 

20*25 

10 75 


15*5 

212 

17*75 

20*25 

10*75 



198 


KNOBLAUCH ON RADIANT HEAT. 


Table IL {continued). 


Radiating surface 
of the 

Leslie’s cube. 

Distance of 
the latter 
from the 
thermal pile 
in inches. 

Temperature 
of the 

Leslie’s cube 
according 
to F. 

Deflection after inserting 

Rock salt, 
4*4 millim. 

Calcareous 

spar, 

3*7 millim. 

Gypsum, 
1*4 millim. 

Glass- 

paper, 

0*a millim. 


9*5 

133° 

20-00 

7-50 


mm 

1. Lamp-black. 

10*5 

322 

19*75 

7-50 


mwlim 

Deflection by 

120 

135 

20-00 

7-25 

BSSufl 

14-00 

direct radiation 

140 

160 

20-00 

7-50 

8-75 

14-00 

35®. 

16-0 

212 

20-00 

7-50 

8-75 

14-00 


6-50 

95° 

19-75 

7-25 

8-75 

14-25 

2. White glass. 

9-50 

120 

19-75 

7-25 

8-50 

14-25 

Direct 

10-00 

133 

20-00 

7-50 

8-75 

14-25 

deflection 

11-00 

156 

20-00 

7-50 

8*50 

14-25 

35°. 

13-75 

212 

20-00 

7-50 

8*75 

14-00 


6-5 

93° 

20-00 

7-50 

9-00 

14-25 

3. Black silk. 

8-0 

104 

20-00 

7-50 

9-00 

14-00 

Direct 

10-0 

122 

20-00 

7-75 

900 

14-00 

deflection 

12-0 

140 

39-75 

7-75 

9-00 

14-25 

35°. 

18-0 

212 

20-00 

7*50 

8-75 

14-25 


Thus it is proved that the temperature of one and the same 
source of heat within the limits of these expei'inaents, i. e. between 
88° and 212° F., has not the slightest influence upon the trans-- 
mission of the heat radiating from it through diathermanous 
bodies. 

I must here again refer to Melloni^s experiment, which has been 
alluded to above (p. 1 95), and appeared to show that the property 
of heat to pass through mica increases with the temperature of 
the source of heat even betw^een 122° and 212° F. As my ex- 
periments, just now detailed, did not agree with this statement, 
I have repeated them so very frequently that I have no doubt 
of their accuracy. So far as I have repeated Melloni^s experi- 
ments, this is the only case in which my results differ from those 
of this distinguished philosopher, for whom I entertain the most 
profound respect and admiration. 

(2.) The next question was, how heat at temperatures above 
212° F., radiating from one and the same body, would behave 
as regards transmission through diathermanous bodies. 

For the purpose of investigating this, I placed a cylinder of 
blackened sheet iron, copper or brass, 17 centim. in height and 
3 centim. in diameter above the flame of an Argand lamp, by 
which I was enabled to heat it to diffei*ent and sufficiently constant 
degrees of temperature. 1 certainly had no means of determining 
these during the experiment in ordinary thermometric degrees, 
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however the pile itself indicated elevations and depressions of 
temperature with the utmost accuracy^ which was perfectly suf- 
ficient for the decision of the present question. 

* On transmission by radiation, it was evident that the heat 
emitted by the metallic cylinder at the increased temperature 
passed through some substances comparatively better ; through 
others in the same proportion as on the application of a lower 
degree of heat. 

Thus the galvanometer needle, which by direct radiation upon 
the pile was deflected to 35°, receded to 11° on inserting the 
colourless glass, the cylinder being nine inches from the thermo- 
scope ; but only to 13° when it had so high a temperature as to 
require removal to a distance of thirty-six inches to pi’oduce a 
similar deviation of 35°. 

With green mica, in the first instance a recession of the 
needle to 20°*25 w^as obtained; in the latter to 26°; whilst 
under all circumstances the needle receded to 3°’5 w^hen the plate 
of alum 1*4 millim. in thickness was introduced between the 
source of heat and the thermal pile, and to 8°'5 w^hen gypsum 
of a similar thickness w^as used. 

The following table contains the details of the observa- 
tions : — 


Table III. 


Iladiating metallic 
cylinder. 

Distance 
of the 
latter Irom 
the 

thermal pile 
111 inches. 

Approvmia- 
tive deteiuii- 
nation of i(s 
temperature 
accoiding 

to r. 

Deflection after the insertion of | 

lied glass, 
1*5 millim. 

Blue glass, 
1*4 millim. 

Alum, 

1*4 millira. 


70 

ilelow 234*^ 

9*50 

8-75 

3 50 

Iron cylinder. 

125 


9 75 

8*75 

3-75 

Deflection by 

M*5 



9*50 

8*50 

3*50 

direct radiation 

240 

Above 234'^ 

10*25 

9*25 

3*50 

35°. 

33*5 

— 

10 25 

9*25 

3*50 


100 

Below 234® 

9*50 

8*50 

3*50 

Copper cylinder. 

15-0 

— 

9*25 

8*50 

3*50 

Direct deflection 

20-0 

— 

9*50 

8*50 

3 75 

35°. 

30 0 

Above 234® 

10*00 

9*25 

3*50 


3H*0 

— 

10*50 

9*50 

3*50 

Iron cylinder. 

10*0 

HolowZS-lo 

15*00 

14*50 

12*50 

Direct deflection 
40°. 

30*0 

Above 23-1° 

15*75 

15*25 

12*25 
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Table III. {continued). 


Badiating metallic 
cylinder. 

Distance 
of the 
latter from, 
the 

thermal pile 
in inches. 

Approxima- 
tive determi- 
nation of its 
temperature 
according 
toF. 

Deflection after the insertion of 

White mica, 
0*ii millim. 

Green mica, 
O’l xnillim. 

White pflass, 
1*3 nnllim, 


8-0 

Below 234® 

18*00 

20-25 

11-00 

Iron cylinder. 

100 


18*00 

20*50 

11*00 

Deflection by 

14*5 


18*75 

21-50 

n -00 

direct radiation 

24'0 

Above 234® 

21*00 

24*00 

n -50 

35®. 

38'5 

— • 

2400 

26*50 

12*50 


9*0 

Below 234® 

18*00 

20-25 

11*00 

Brass cylinder. 

no 

— 

18*00 

20-25 

11*00 

Direct deflection 

15*0^ 

— 

20*25 

22-SO 

11*50 

35®. 

24*0 

Above 234® 

20*75 

23-SO 

11*50 


36*0 

— 

23*50 

26-00 

13*00 

Iron cylinder. 
Direct deflection 
40°. 

10*0 

31*0 

Below 234° 
Above 234° 

22*50 

28*00 

25*00 

31*50 

13-00 

1500 


Badiating metallic 
cylinder. 

Distance 
of the 
latter from 
the thermal 
pile in 
inches. 

Approxima- 
tive dctcnui- 
nation of its 
temperature 
according 
to F. 

Deflection after the insertion of 

Rode Halt, 
4*4 millim. 

Calcareous 

spar, 

3-7 millim. 

CTypsimi, 
1*4 iiullun. 

Glass- 

paper, 

0*2 millim. 


9*5 

Below 234® 

20*25 

7*50 

8-75 

14*25 

Iron cylinder. 

16*0 



20*25 

7*50 

8*75 

14*25 

Deflection by 

24-0 



22*25 

7*50 

9*00 

14*25 

direct radiation 

26*0 

Above 234° 

22*25 

7*50 

8-75 

14*25 

35°. 

34*0 

— 

23*75 

8*00 

H-75 

14*25 


14*5 

Below 234® 

20*00 

7*50 

8*75 

14*25 

Copper Cylinder- 

16-0 

— 

20*25 

7*50 

8*75 

14*25 

Direct deflection 

20-0 


20*25 

7*50 

8*50 

14*25 

36®. 

31*5 

Above 234® 

21*75 

7*75 

8-50 

14*25 


39*5 

— 

22*75 

7*75 

8*50 

14*25 

Iron cylinder. 

9-0 

Below 234° 

28-75 

9*50 

11*25 

19*50 

Direct deflection 
40®. 

35*5 

Above 234° 

32-60 

9*50 

1 1*00 

19*25 


The distances of the heated cylinder from the thcrmoscope 
given in this table clearly show the great increase of the heat. 
At the moment when the change in the transmission of the heat 
observed in some diathermanous bodies occui’red, its temperature 
amounted to about 234® F. Even at its greatest heat no trace 
of redness was visible even in the dark. 

3. The transmission of heat, radiating from one and the same 
body at different stages of a red heat, still remained to be exa- 
mined* For this purpose I heated a spiral of platinum wire to 
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a red, yellow and white heat over the chimney of a Berzeliuses 
lamp. The visible portion of the flame of the alcohol was never 
allowed to rise above the metallic cylinder of the lamp, and the 
* thermal pile w^as protected from its rays by polished screens of 
tinned iron. 

Experiment showed that when the direct radiation of heat 
from each of the sources mentioned thrown upon the thermal pile 
had deflected the needle to 35°, on transmission through colour- 
less glass the heat from platinum at dark redness produced a 
deflection of 10°*5 ; at a red heat, of 17^*25 ; at a yellow heat, of 
17^*25 5 and at a partial white heat, of 21 12. Thus the rays 
from platinum at a red and yellow heat, having a great difference 
in temperature, are transmitted by colourless glass in exactly the 
same proportion. When the glass was replaced by the plate of 
alum we have so fi*equently mentioned, a deflection of 10°'2 in 
the needle 'was prod uced by the platinum at dark redness ; of 11°*4 
for platinum at a red heat; of 9°*1 for that at a yellow heat; 
and of 12°’4 for that at a partial white heat. Thus the heat of 
the platinum at a yellow heat passes through the plate of alum 
to a less extent than that of the platinum at a red heat, nay 
even than that of platinum at a dark red heat, notwithstanding 
its far higher temperature. 

The same applies to gypsum. The heat of platinum at dark 
redness passes most imperfectly through mica ; that of platinum 
at a red heat comparatively better ; that at a yellow heat still 
better ; and that at a 'white heat best of all. Hence we find 
every possible case, independent of the temperature of the 
source of heat. The following table contains the observations 
on this point : — 
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Table IV. 


Thickness 

in 

naillim. 

Substances 

inserted. 

Deflection 
by direct 
radiation. 

Deflection after the insertion, by I 

Platinum 
at a dark 
red heat. 

Platinum 
at an 
evident 
red heat. 

Platinum 
at a 
yellow 
heat. 

Platinum 
partly at a 
whir« heat. 

1-5 

Red glass 

20 ° 

775 

9*50 

9*00 

11*00 

1-4 

Blue glass 


7*37 

8-70 

7-87 

9-50 

1-4 

Alum 


(>•37 

( 5*50 

4*50 

7-50 

17-75 

0*2 

White mica ... 

20 ° 

12*75 

16*50 

17-25 

0*1 

Green mica ... 


13*75 

16*87 

17-50 

17-75 

1-3 

White glass ... 


3-12 

10*37 

* 10-37 

12*50 

4-4 

Rock salt 

20 =^ 

13-50 

16*62 

15-50 

16*88 

3*7 

Calcareous spar 


5-75 

8-50 

700 

1037 

1*4 

Gypsum 


3 * 2 () 

6*50 

3-12 

7 * 0 () 

0*2 

Glass paper ... 

20 ® 

9-32 

10*50 

11 *00 

12-00 

- _ - 

1*5 

Red glass 

35 ® 

12-50 

18*40 

17-31 

21*31 

1-4 

Blue glass 


11-75 

16*44 

15-20 

18*40 

1-4 

Alum 


l ()-20 

11-40 

9-10 

12-40 

02 

White mica ... 

35 ® 

20-25 

27-44 

29-50 

30-(>0 

01 

Green mica ... 


23-10 

28-50 

29-94 

30*81 

13 

White glass ... 


10-50 

17-25 

17-25 

21*12 

4‘4 

Rock salt 

35 ® 

24-2e 

20-60 

28*95 

30*25 

37 

Calcareous spar 


0-07 

14-15 

12*55 

17*00 

1*4 

Gypsum 


0-81 

11-80 

9*50 

12*70 

0*2 

Glass paper ... 

35 ® 

15-12 

17-25 

18*12 

19*12 



1*5 

Red glass 

40 ® 

13-00 

10*00 

18-00 

23*12 

1*4 

Blue glass 


12*25 

17-12 

l (!- 5 () 

19*62 

1'4 

Alum 


11*25 

11*50 

19*00 

12*50 

02 

White mica ... 

40 ® 

24*50 

32-50 

34*75 

35*62 

01 

Green mica ... 


27*50 

3;i-((2 

35*00 

35*75 

13 

White glass ... 


12*25 

20*75 

20*88 

24*88 

4*4 

Rock salt 

40 ® 

30-00 

35*25 

34-25 

35*75 

3-7 

Calcareous spar 


10-50 

15 - 7 .T 

15-00 

20*00 

1*4 

Gypsum 


12*00 

1 

1 1 .'7K 


0-2 

Glass paper ... 

40 ® 

18*25 

20*02 

21-75 

15*12 

23*25 


The numbers -which refer to the direct deviation of 20° are 
each the arithmetic mean of two observations, those for .35° the 
mean of four, and those for 40° also of two experiments. The 
results of the individual series thus combined agreed so per- 
fectly with each other, that the above numbers may be regarded 
as accurate to within half a degree. 

Hence it is experimentally placed beyond all doubt, that the 
passage of radiant heat through diathermanous bodies is not in 
immediate conneodon with the temperature of its source, as was 
probable from premom eisperiments, but is alone dependent upon 
the structure of the diathermanosis substance, which is penetrated 
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by certam rays of heat in a greater degree than by others^ 
whether this occurs at a lower or higher temperature^* 

That free radiant heat is really the agent concerned in the 
cases we have detailed, follows with certainty from the following 
, observations : — 

1. When, after the insertion of one of the above bodies be- 
tween the source of heat and the thernaal pile, the needle of the 
multiplier has arrived at a certain deflection^, if the source of 
heat be removed w^hilst the inserted substance retains a fixed 
position as regards the pile, the needle at the same time returns 
to the same point, whatever may have been the extent of the 
amount of deflection. Hence this does not arise from the in- 
serted body itself becoming heated. 

2. If the thermal pile he removed from the field' of rectilinear 
radiation of the source of heat, whilst it preserves a constant 
distance from the inserted substance, which remains exposed to 
the heating rays, the needle immediately returns to the same 
point which it attains on the removal of the source of heat; a 
further proof that the deviation observed cannot he ascribed to 
the heat absorbed by the former substance. 

3. In almost all the bodies experimented upon, the indication 
of the thermoscopc is diminished when it is coated on both 
sides with lamp-black ; and when thus its power of absorption 
and radiation is increased at the expense of the transmission. 


^ I obtained tho following results when radiant heat fiom a Leslie’s cube at 
212® F., red-hot platinum, the llame of alcohol and an Aigaud lamp was trans- 
mitted throiif^h prepared rock salt : — 


Thick- 
ri(“Hs in 
mi Him 


Defloc- 

Deflection after the mscrtioa m 
the caHO of 

SuliHtiuicc inserted. 

tion by 
direct 
radia- 
tion. 

Source 
of heat 
at 

F, 

U(‘d- 

liot 

plati- 

num. 

Flame 

of 

alcohol. 

Argand 

lamp. 

2*9 

Hock salt coated with lamp-black 


1.3-00 

11-75 

11*75 

10-00 








2‘9 1 

Hock salt coaled with lamp-black j 

25° 

M-25 

13-75 

13-50 

12-00 








2-9 

j Hock salt coated with lamp-black 

ao“ 

j 1675 

16-50 

lC-25 

13-75 








2-9 

1 Hock salt coated with lamp-black 

35° 

20*25 

19-50 

19-25 

10-50 


Thus the heat of the red-hot platimun and the llaino of alcohol, the teinpera- 
turoa of which are undonbtedly different, radiate ibrougb the prepared rock-salt 
in the same manner, whilst the heat from the source at 2 12®F., conformably with 
Melloni^s discovery, passes through it better than that of the Argand lamp. 
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4. When the substances are inserted in their ordinary state 
before the thermal pile^ the needle recedes to a point which 
it does not leave during the observation ; whilst whenever they 
are coated with lamp-black, and thus become more heated by 
absorption, an increase of this deflection is perceived. 

Moreover, my results agree perfectly, as far as they are com- 
parable, with those of Melloni, who during his observations has 
convinced himself partly in the same way, that the heat emitted 
by the screens bears no proportion to that transmitted by them. 
A diff'use transmission cannot have occurred in the cases men- 
tioned, as the diathermanous bodies were all polished as highly 
as possible. 

Their thickness was a matter of no importance, since they 
were not to be compared with each other, but merely served for 
the investigation as regards the sources of heat. 

That the different form and size of the sources of heat which 
have been compared did not induce any differences in the trans- 
mission, has been proved by direct experiments 5 for it was 
found that when the needle of the multiplier was deflected to 
50° hy direct radiation upon the pile, on introducing the red 
glass it receded to 21°-25— 21° when either a Leslie's cube the 
sides of which were 4 centim., 8 centim., or 15 centim. ^ millim., 
or a cylinder 17 centim. high and 3 centim. in diameter was 
used as a source of heat at 212° F. The direct deflection being 
50°, the same result of a return of the needle to 31°-5 was ob- 
tained, whether a small glass spirit-lamp or a large Berzelius's 
lamp was used; the same deviation of 37°*5, both for the 
small flame of a wax-light and for the large one of an Argand 
lamp. 

The following summary which contains the arithmetical means 
of every three observations, shows that this was also the case 
with other diathermanous bodies : — 


Table V. 


Thiclmess 

Substances 

Deflection 

Deflection after the inaertion by 

A Lralic’sTOboof ^ lACTliiidor 

xalUim. 

inserted. 

radiation. 

4 centim. 

8 centim. 

1 5 ewitiiii. 
7 tnilliru. 

17 centim. 
high and :i 
contim. in 
diameter. 

15 

Red glass 

50° 

21-00 

21*25 

21-00 

21*00 

14 

Blue glass 


2«-5() 

20-26 

20-25 

20-60 

1'4 

Alum 


14-00 

14-25 

14-00 

14-25 
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Table V. {continued). 


Tliipkness 
in millmi. 

Substances 

inserted 

Deflection 
by dnect 
radiation. 

Deflection after the insertion by 

A small 
flame of 
alcohol. 

The large 
flame of a 
Berzelius’s 
lamp. 

The small 
flame of a 
wax- 
candle. 

The large 
flame of an 
Argand 
lamp. 

1-5 

lied glass 

50° 

31*50 

31*50 

37*50 

37*50 

1-4 

Blue glass 


30*00 

30*00 

33*00 

33*00 

1*4 

Alum 


15*25 

15*50 

24*00 

24*00 


1-5 

Red glass 

60° 

39*42 

39 70 

45*20 

45*30 

1-4 

Blue glass 


37 80 

37*70 

41*00 

41-00 

1-4 

Alum 


23*92 

23*42 

32*92 

33*00 


The deflection of the galvanometer-needle, produced by direct 
radiation, upon the constancy of which the accuracy of all the 
comparisons detailed depends, had been previously tested before 
the insertion of each diathermanous substance. 

Three only of the latter were used in succession in the in- 
vestigation with regard to the various sources of heat ; so that 
the observations relating to them, each of which required a 
minute and a half or two minutes, never extended beyond a time 
during which all the conditions of the experiment could be con- 
sidered as sufficiently constant*. 

To preserve this uniformity as much as possible, the posi- 
tion of the thermal pile remained unchanged, whilst the source 
of heat was more or less approximated to it, until the constant 
direct deflection used for comparison was produced. The dia- 
thermanous bodies were always inserted at the same spot behind 
a diaphragm, and at a constant distance from the thermoscope. 

IL On the Heating of Bodies by Radiant Heat* 

It is a fact, which has been long known and proved by an 
extended scries of observations — 

1. That different substances are heated to a different extent 
by the radiation of heat from one and the same source. 

2. That in every instance the extent of the increase of heat 
depends upon the structure of the surface. 

More recent experiments by Baden Powell and Mellon! have 
shown — 

* For this reason the numbers in these, as well as in all the subsequent in- 
stances, should only be compared so far as I have brought them into relation 
with one another. 
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3. That one and the same body is not uniformly heated by 
rays of heat, emanating from different sources, which exert the 
same direct action upon a thermoscope coated with lamp-blach 
(see above^ p. 188). I shall only select two very characteristic 
observations from those which I have made in regard to this 
point. 

When I coated a metallic disc on one side with carmine, on 
the other with lamp-blacky and exposed it immediately before 
the thermal pile to the rays of an Argand larnpy in such a 
manner that the carmine side was towards the source of heat 
and the blackened one next the pile, it was found that when the 
direct deflection of the multiplier-needle by the Argand lamp 
amounted to 35°y that produced by the above arrangement 
amounted to 9°‘5. Under the same circumstances, however^ I 
obtained a deflection of 10°T7, when^ instead of a flame, I pro- 
duced radiation upon the carmine-surface from a metallic cylin- 
der at a heat below redness, which gave a direct deflection of 35®. 

When the metallic disc was covered with black paper instead 
of carmine, the magnetic needle was deflected by the heat from 
the plate placed before the thermal pile, in the first instance to 
10^75, in the second to 10°T2. 

Thus the carmine-surface is comparatively less heated by the 
rays from the Argand lamp than by those of a cylinder heated 
to 212° F., whilst with black paper exactly the contrary occurs. 
The following numbers, which refer to a greater direct deviation 
(each being the arithmetical mean of two observations), will show 
this still more decidedly : — 


Table VL 



Deflection 
by the 

Deflection after the 
insertion ’with 

Deflection 
by the 

Deflection after the 
ins<srtion with 

and becoming 
heated. 

direct ra- 
diation of 
the source 
of beat. 

The 

Argand 

lamp. 

The 

heated 

cylinder. 

direct ra- 
diation of 
the source 
of iieat. 

Tlw 

Argand 

lamp. 

The 

heated 

cylinder. 

Carmine 

35° 

9'50 

10'8/ 

50^ 

ia'75 

15-02 








Black paper ... 

35<^ 

lo-rs 

i 

I 1012 j 

j fiOO 

1 15*25 

1 l-l-oo 


Whilst from former observations the rays of heat emitted by 
sources having a lower temperature appear almost invariably to 
be more capable of heating bodies than those at a higher tem- 
perature, it is clearly showm by the experiments we have just 
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detailed, that this heating^ the intensity of the heat received by 
radiation being the same^ is perfectly independent of the tern-- 
perature oj its source^ bnt is occasioned by the nature of those 
absorbing substances^ which are more susceptible of some rays 
than of others. 

The influence of the thickness of the bodies exposed to the 
rays of heat upon their becoming heated has scarcely hitherto 
been investigated. Leslie remarked that metals of different 
thickness became heated to the same extent; but that wooden 
screens, which he placed before a heated cube^ were less heated 
in proportion to their thickness. Thus his thermoscope indi- 
cated — 

20° behind a plate of pine-wood ^th inch in thickness, 

15" ... ... fth 

9 " ... ... 1 

Melloni also found, by means of the thermo-multiplier, that 
thick paper became less heated than thin. 

However, these experiments did not appear to me to decide 
the question — 

In what relation the heating of a body stands to its thickness i 
which has therefore formed the object of the following investi- 
gation. 

Whilst in making the observations in the previous section I 
endeavoured to ascertain the influence exerted by the media 
placed between the source of heat and the thermal pile when 
heated, upon the latter 5 in this case I took special care to make 
it as conspicuous as possible, and so that it acted exclusively upon 
the thermoscopc. I therefore placed the bodies to be heated 
immediately before the latter, and furnished them on that side 
next the pile with a coating impervious to direct rays. 

The substances which I used in these experiments were colour- 
less transparent varnish, black, opakc, but diathermanous lac, 
and while lead, which is usually regarded as adiathermanous. 
I placed these in layers of different thickness upon thin metallic 
discs in every respect alike. To improve the dispersion from 
the latter after it has become heated, I coated them on the sides 
next the pile with paper. Lamp-black would certainly have 
been more effective for this purpose ; but it is scarcely possible 
to lay it upon several plates in cxaijUy the same manner, which 
would have been inclispenaahle, because, as Melloni has^ shown, 
the dispersion varies with the thickness of the layers of lamp- 
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black. I therefore preferred the above coating, so as not to in- 
crease the delicacy of the apparatus at the expense of the accu- 
racy of the comparison. 

For the sake of completeness, I examined the heating of the 
substances mentioned, of unequal thickness by different sources 
of heat, applying for this purpose those which had always showi^ 
the greatest difference, viz. an Argand lamp and a metallic 
cylinder heated to about 212 ° F. 

Since besides lamp-black (p. 188) only metals (p. 206) absorb 
all kinds of rays of heat to the same extent, the substances 
mentioned for the present object could only be placed upon metal 
if it was required to observe their action after having become 
heated by different sources of heat, without the secondary in- 
fluence of the surfaces beneath, which in every other instance 
would have been disproportionately heated. 

Experiment yielded the following result: — When by direct 
radiation from an Argand lamp upon the thermal pile, a de- 
flection of 60° was produced in the needle of the multiplier, if a 
metallic plate was placed immediately before the thennoscope, 
with its polished surface turned towards the source of heat, 
whilst next the pile it was coated with paper, in a short time a 
constant deviation of was produced, which arose from the 
metallic plate becoming heated. 

Thus the coated plate became more heated when the number 
of layers of varnish covering it was increased. 

When the flame was exchanged for the cylinder at a dark red 
heat, which produced the same direct deviation of GC)°, and the 
uncoated metallic screen was again inserted at the spot already 
mentioned, the needle as before moved to 10 °* 5 . However, it 
was deflected to 17°*5 when the metallic plate, covered with one 
layer of varnish, was exposed to the rays from the heated cylin- 
der, and to 20°‘75 when with eight layers of varnish. 

Thus in the latter case the heating w’as greater for each in- 
dividual plate than with the first ; and increased from that coated 
with a single layer of varnish to that with eight layers in a 
greater degree than in the experiment with the Argand lamp. 

The same phaenomenon occurred with black lac and wliite 
lead. Thus, under exactly the same conditions, the heat com- 
municated from a metallic sheath coated with a thin layer of lac, 
when acted on by the rays of the Argand lamp, produced a 
deflection of 14°*5 5 that from the same, covered with a thicker 
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layer, 18^*12 ; and by the rays of the cylinder at a dark red heat, 
the first a deviation of 18'^*62, the latter of 22°*12. It must here 
he taken into consideration, that the power vhich deflects the 
galvanometer- needle a certain number of degrees higher is greater 
^ than that which causes it to deviate the same number of degrees 
lower. 

The numbers found with the coating of white lead are given in 
the subjoined table, which also contains values for other thick- 
nesses of the bodies spoken of, and a diflFerent direct deflection 
from that mentioned (in each case the arithmetic mean of two 
observations) : — 

Table VII. * 





Deflection on inscitmg 

a metallic plate 




Not 

coated. 

Coated witli varnish. 

Coated with lilack lac. 

Coated with 
white lead. 

1 1 coat. 

2 coats. 

4 coats. 

8 coats. 

Thinnest 

coat 

posaihlc. 

Thicker 
coat. 1 

Still 

thicker 

coat. 

Very 

thick 

coat 

Thin 

coat. 

Thick 

coat 



Argand lamp. 

Deflection from direct radiation 35®. 



C-50 

1 8 25 

1 8-25 

1 8-25 1 

1 8-25 1 M2 1 

8-25 1 

8-62 1 

9-50 1 

7-25 1 

8-00 




Metallic cylinder at a dark red heat 




6 50 

1 9-00 

1 9 25 ! 

1 9-50 1 9-50 1 

1 9-12 1 

9 87 1 

11-62 1 

12 00 1 

8-75 1 

9-62 



Argand lamp. 

Deflection from direct ladiation 00®. 



10-50 1 

1 14 50 

1 15-12 1 

1 15-C2 1 

1 15 75 1 

1 14-50 1 

16 25 1 

17 37 1 18-12 1 16-12 | 

18 50 




Metallic cylinder at a daik red heat. 




10-50 1 

1 17 50 

1 18-12 1 

1 20 12 1 

1 20 75 

1 18 02 1 

20 25 1 

21-37 1 

22 12 1 17-00 1 

19-50 


The ditfcrenccs which arc thus rendered evident could only 
ai'isc from the heat which is absorbed by the substances applied 
as coatings, and in this manner communicated to the metallic 
plates. It is thus showm, that the substances employed become 
heated, within the limits of this experiment, to a degree the 
extent of ivhich is proportionate to their tJnekness. 

This observation is directly opposed to tlie experiments made 
by Leslie and Melloni upon other substances. Nevertheless, 
both arc correct. The cause of this differenec is, that in my 
experiments I have not yet attained the limit beyond which 
these earlier experimenters had akeady passed. For the con- 
nexion of the phenomena is as follows ; — If w^e expose a body 
to rays emanating Irom a source of heat, those which are not 
reflected from its surface penetrate it, and impart heat to one 
layer after another, as long as they pass through it without 
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hindrance. Each of these layers then communicates its ca- 
loric by conduction and radiation to the neif^hbouring ones. 
The amount of heat imparted in this manner to any body there- 
fore increases in proportion as the number of the absorbing 
layers increases ; but it attains its maximum as soon as these , 
acquire a thickness beyond which the heat cannot penetrate 
either by radiation or conduction. 

In the series of experiments wdiich has been detailed, the 
thickness was never so great but that every coat laid on became 
heated, and that the heat of all could act upon the metallic sur- 
face, which emitted the rays against the thermal pile by means 
of the paper covering ; but in the experiments of Leslie and 
Melloni, the screens inserted (which were only diathermanous 
in the thinnest layers) were so thick, that a small portion only 
of the heat from their anterior surfaces reached the side next the 
thermoscope ; and hence its action upon the latter must have 
been diminished to the same extent as this poiiion was weakened 
by increasing the thickness. 

The limit at which the heating of a body ceases to increase in 
proportion to the diminished thickness, is determined for one 
and the same source of heat by the substance, and for one and 
the same substance by the nature of the source of heat. We 
have reserved the more minute examination of this point in cer- 
tain cases for a future investigation. 

Melloni considered that it is impossible to detect the elevation 
of temperature which thin diathermanous plates experience from 
radiant heat, and therefore concluded indirectly regarding their 
becoming heated. In the experiments detailed, I succeeded in 
proving it by the direct method, and in experimentally confirming 
Melloni^s conjectures in a palpable manner, that the temperature 
of a body^ when the thickness increases, is more raised the less it 
is diathermanous to the rays transmitted to it^ Thus, as has 
been already mentioned, the observations contained in the table 
at p. 209 always show^, in the case of the same body, with the 
cylinder at a dark red heat, a greater increase in the heat re- 
quired in proportion to the thickness than in the Argand lamp ; 
whilst direct transmission has shown that the heat of the former 
is transmitted in a less degree than that of the latter by w'hite 
varnish and black lac. 

That diathermanous bodies, as has hitherto been only sup- 
posed, in reality become most heated by those rays which pene^ 
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trate them leasts can also be proved by observation in colourless 
glass, which, as is known, is also less perfectly penetrated by 
the heat of the metallic cylinder than that of the Argand lamp; 
for a glass mirror 1*5 millim. in thickness, the rough metallic 
surface of which was turned towm'ds the thermal pile, when acted 
upon by the rays of the former, produced a deflection of the gal- 
vanometer-needle to 12°*25 ; by those of the lamp to 11°, when 
direct incidence from both these sources of heat had deflected 
the needle to 45°. 

It scarcely requires to be again mentioned, that this proof of 
diatherrhanous bodies becoming heated by radiation does not 
affect the results detailed in the first section, as it has been ex- 
perimentally shown (p. 203 and 204), that under the circum- 
stances in which the experiments on the transmission were in- 
stituted, it had no perceptible share in the production of the 
results. 


III. On the Property of radiating heat in Bodies. 


It is already known that difierent substances radiate heat at 
the same temperature in an unequal degree, and that this pro- 
perty, in one and the same substance, is dependent, — 1st, upon 
the structure of its surface ; 2nd, upon its thickness. 

1, Although Leslie had previously expressed the view, that 
the hardness of bodies influenced their radiating power, Melloni 
first endeavoured to prove that the changes produced in the 
radiation of one and the same body by scratching its surface, 
could only be ascribed to the modifications of its hardness pro- 
duced at the spots concerned. 

He obtained the following deflections of the thermo-multiplier; 


10°*0 

18°-0 

13°*7 

11°*3; 


by radiation from 

A silver plate, beaten out and polished . . 

A silver plate, beaten out and scratched 

A silver plate, cast and polished .... 

A silver plate, cast and scratched .... 
and found that in agate, ivory and marble, the degree of rough- 
ness did not produce any alteration in the radiation, a remark 
which had previously been made by Leslie with regard to glass, 
paper and lamp-black. Hence Melloni drew the conclusion, 
that more heat is always emitted when the scratching exposes 
softer parts of the radiating substance; less when it produces a 
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condensatioa of it ; but that no change ensued in this respect 
when the hardness and elasticity of the surface were not modi- 
fied by the scratching. 

For the sake of convincing myself of the truth of this inter- ** 
esting law, which has not hitherto been further examined, 1 
made the following experiment : — 

I first caused a Leslie^s cube of 8 centim., which consisted of 
two cast and two rolled plates oflead^ and was retained at a tem- 
perature of 212° by boiling water, to radiate its heat against the 
thermal pile placed at a constant distance from the heated sur- 
faces. The surfaces of the two pairs were too different* for this 
experiment to have allowed of our concluding upon the con- 
nexion of the radiation with the hardness and density. I could 
not succeed in proportioning the two leaden plates of each pair 
so as to produce the same deflection of the thermo-multiplier by 
their radiation. At a certain distance of the heated surfaces 
from the pile, the radiation of one of the cast plates produced a 
deflection of the galvanometer-needle to 48°'25, that of the other 
to 49° ; and the radiation from one rolled plate a deflection of 
51°, that of the other of 50°*5. 

There was no question that lead becomes condensed at the 
shining mark made by drawing a steel instrument across it. In 
conformity with Melloni^s conclusion, therefore, the sci*atching 
must diminish the radiation of the surfaces of the lead, and 
this to a greater extent ' in that cast than rolled. This was 
confirmed by experiment. When that cast plate which had pro- 
duced the greater deflection of 49° w^as scratched, its radiating 
power was diminished so that it became equal to that of the 
other surface which radiated less perfectly. They now both pro- 
duced a deflection of the needle of 48°*25 when at an equal 
distance from the thermoscope. When the longitudinally 
scratched leaden plate was covered with transverse stripes, its 
radiating power became still less. Eetaining the same position 
to the pile, it deflected the galvanometer-needle to 47°*25 only. 

Of the rolled plates, that which produced the deviation of 
50°*5 was scratched. The radiation was also diminished in this 
case, for it only caused the needle to deviate to 48®’5. When 
the surface was scratched in both directions, the radiating power 
was increased to the extent of producing a deflection of 49°'?'5 5 
which might arise from the lead being condensed as before at 
the very portions scratched, but rendered less dense at those 



KNOBLAUCH ON RADIANT HEAT. 213 

points at which the raised margins of the furrows meet. This 
constituted a difference between the rolled and the cast plate^ in 
which the transverse stripes also diminished the radiation. 

The following table contains the numbers which have been 
obtained in different experiments, each being the arithmetic 
mean of two observations : — 


Table VIIL 


Cast leaden plate 
at 212 °F. 

L 

11 . 

I. 

II. 

I. 

II. 

I. 

IL 

Smooth. 

Smooth. 

As before, but 
nearer the pile. 

Smooth. 

Scratch- 

ed. 

As before, but 
nearer the pde. 

Deflection by di- \ 
rect radiation... J 

34*62 

34*87 

48*25 

48*00 

41*00 

41*00 

48*25 

48*25 

_ ____ _ _ 

Cast leaden plate 
at a 12° P. 

1. 

11 . 

I. 

II. 

I. 

11 . 

I. 

ir. 

Smooth. 

Closely 

scratch- 

ed. 

As before, but 
nearer the pile. 

Smooth 

Sciatch- 
ed in 
both 
direc- 
tions. 

As before, but 
nearer the pile. 

Deflection by di-l 
rect radiation... j 

37*50 

36 25 

48*25 

47*50 

40*50 

40*00 

48*25 

47 25 


Rolled leaden plate 
at 2120 F. 

1. 

2. 

1. 

2. 

1. 

2. 

1. 

2. 

Smooth. 

Smooth. 

As before, but 
nearer the pile. 

Smooth. 

Scratch- 

ed. 

As liefore, but 
nearer the pile. 

Deflection by di- 1 
rect radiation., , j 

35*25 

34*62 

51*00 

50*50 

42*25 

41 00 

51*00 

48*5o| 


Rolled leaden plate 
at 212° P. 

1. 

2. 

1. 

2. 

I. 

2, 

1. 

2. 

Smooth. 

Closely 

Hcratch- 

cd. 

As before, but 
nearer the pile. 

Smootli 

Scratch- 
ed in 
both 
direc- 
tions. 

As before, but 
nearer the pile. 

Deflection by di-l 
rect radiation... J 

41*00 

39*00 

51*00 

48*00 

42*50 

40-00 

51*00 

48*75 


With the same object as that just stated, I made a second 
experiment. 

Melloni ascribes the increase which the radiation from a cop- 
per plate undergoes when the latter is scratched, to the circum- 
stance, that by this proceeding less dense portions would become 
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exposed. Were this the case^ the difference in the radiation from 
polished surfaces and those scratched in both directions should 
diminish when, without altering their inequalities, these plates 
are coated with layers of the same metal of equal thickness. 

This may be effected by precipitating copper upon them by ^ 
galvanism. To procure this coating as uniform as possible by 
the same electric current upon one polished and three roughened 
plates which I wished to examinCj I had them so soldered together 
as to form the lateral walls of a cube, the scratched surfaces being 
turned inw^ards. This was filled with the cupreous solution, 
from which the precipitate was formed as usual after the galvanic 
process was commenced. When it had attained a sufficient 
thickness, the cube was soldered in such a manner that the 
surfaces, which were furrowed in both directions and had now 
become coated, were turned outwards. 

The next question was, whether the difference in their radia- 
tion "was now less than in those plates which were not coated and 
had the same inequalities. 

This has been experimentally proved most distinctly. Thus, 
whilst the polished surface of the cube composed of ordinary 
rolled sheet copper, which before being coated was exactly the 
same as that already described, at a temperature of 2 12^ T. pro- 
duced a deflection of 29®, and one of the sides of the same cube 
which was scratched in both directions a deflection of 47°*75 in 
the thermo-multiplier, the smooth surface which bad been coated 
by galvanism at the same temperature and distance from the 
pile, deflected the needle to 49®‘25 ; that scratched, to 51®*5. 
In the first instance the difference amounted to 18®*75 ; in the 
latter to 2®’25. Certainly the difference between the amount of 
heat emitted by the smooth and the scratched plate might be 
equal in both experiments, and yet the difference in the deflec- 
tions produced by them be less the second time, when observed 
at higher degrees, than the first time. However, the great dimi- 
nution in this difference we have mentioned (from 18®* 75 to 
2®*25), could not be ascribed to this inequality in the indications 
of the instrument ; for when the coated cube was removed so 
far from the pile that the radiation from its smooth surface de- 
flected the needle to 33*^, the radiation from the scratched plate 
at the same place produced an indication of 35®*5 in the multi- 
plier. Thus the difference amounted to only 2®*5, which is less 
than the deflections comprised in the first observation. Hence 
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there is no douht that the difference between the amount of heat 
emitted by a polished and a scratched plate of copper in reality 
diminishes when these surfaces are coated with a uniform layer 
• of this metal. 

The following numbers (each consisting of the arithmetic mean 
of two observations^ afforded by the radiation of differently en- 
graved plates in the cases which have been considered) will show 
this still more clearly ; — 

Table IX, 


Badiatmg surfaces. 

Plates of 
rolled copper- 
plate at 
aia« h\ 

Plates of lolled copper, liaving the name 
inequalities, but coated by galvanism, 

* at 212" P. 

Deflecti 

Smooth 

Scratched longitudinally 

Scratched circularly 

Scratched in both directions ... 

Distance of the plat( 

on hy direct 
29 00 
4000 
42*50 

47 75 

js from the p 
1 3*25 1 

radiation. 

49 25 37*50 33'00 

50 25 39*00 34 00 

50*87 39*50 35*50 

. 51*50 39*50 35*50 

lile in Klieuish inches. 

1 3*25 1 8*00 1 9*00 


That the differences of the radiation by the galvanic precipi- 
tate were not perfectly equal is explicable ; for it could not be ex- 
pected that the copper would be deposited with exact uniformity 
upon spots of unequal thickness. 

The experiments described have thus confirmed the position 
vanced by Melloui^ that the scratching of the surface infinences 
the radiating property of bodies merely so far as it modifies their 
density and hardnessy and that it increases or diminishes this cc- 
cording as it loosens or condenses the parts concerned. 

Moreover, the increase Mdiich the emission from the metallic 
surfaces acquires from the copper precipitated by galvanism may 
also be ascribed to the slight density of this coating in comparison 
with that of rolled copper. The amount of this is shown hy the 
above table, especially in that example in which the heat emitted 
by the smooth rolled copper plate produced a deflection of 29 °; 
that coated by galvanism, at the same temperature and the same 
distance from the thcrmoscope, a deviation of the needle of 
49 °- 25 . 

Oxidation of the metal, w^iich as wc know also increases the 
radiation, did not come into play in this phenomenon, because 
the copper cube was used for experiment immediately after being 
coated and whilst the deposit had a bright metallic surface. 

VOL. V. PART XVIII, O 
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Although it is shown that the density and hardness exert an 
influence upon the radiation of heat under the circumstances 
pointed out^ of course it must not be understood that it is caused 
by them alone. In different bodies^ in which various other rcla- * 
tions are simultaneously called into action^ the property of emit- 
ting heat cannot^ as Leslie has attempted;, be referred to the' 
hardness alone. 

2. With reference to the increase of the radiation in propor- 
tion to the thickness of the bodies laid upon a heated cube^ I 
shall communicate two series of experiments, merely because 
they were made upon those substances which had yielded a 
greater heat with an increase in the thickness (see p. 209). They 
were colourless, transparent varnish, and black, opake diatherma- 
nous asphalt-lac. After painting them in layers in various num- 
bers or of unequal thickness upon a Lcslie^s cube, which during 
the experiment had been retained at a temperature of 212®, their 
radiation upon the thermal pile produced the deflections of the 
multiplier contained in the following table : — 


Table X. 


Leslie’s cube 
at 212° F. 

nistance 
of it from 

Coated with varnish. 

Coated with blade lac. 

pile m 

Hhenissh 
ill dies. 

1 layer. 

2 layers. 

4 layers. 

8 layers. 

Very 

tlim 

layer. 

Thicker 

layer. 

still 

thicker 

layer. 

Thiekost 

layer. 

Deflection 

(12) 

17-0(» 

20*00 

21*75 

29-00 

10*50 

23*25 

27*25 

20*00 

by 

(«) 

2400 

28-00 

30-50 

300() 

20*00 

31*25 

.■(7-00 

30*00 

direct 

(7) 

26-50 

30-25 

33*00 

40 50 

32*75 

37*25 

41-00 

43-00 

radiation. 

(0) 

28-50 

33*25 

35*75 

42-75 

40*50 

43*25 

•16-75 

48*75 


These differences are too considerable to render it necessary 
to bring forward other examples. This phenomenon has already 
been correctly explained by Count Rumford, by assuming that 
the heat radiates from a certain depth beneath the surface; and 
Melloni, on the same principle, has given a satisfactory account 
of the whole process. 


If this increase in the radiation of bodies be compared with 
the increase in heating power under increasing thickness of the 
layers in action, which has been pointed out in the previous sec- 
tion (pp. 207 to 209), we find in it a new cause for the agree-^ 
ment of the radiation and absorption of heat. 

On comparing these functions, however, it must not be over* 
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looked to what extent this is strictly admissible. It holds good 
unconditionally in the case of one and the same body 5 L e, all 
agents which increase or diminish its radiation, also increase 
•or diminish its absorption^ and viceversd. Thus scratching the 
surface of a substance increases both its radiating and absorbing 
power when it exposes softer parts of it, diminishes both when 
it condenses the same parts, and has no influence upon it 
when the hardness of the body is left unchanged. As we have 
seen, also, the radiating and absorbing power is increased to 
a certain extent by, increasing the thickness of bodies, but is 
diminished by diminishing it. 

The comparison of the two phsenomeha does not liow’-ever 
apply generally to different substances^ i, e, a body w^hich, at a 
definite heating power, for instance, exhibits a higher radiating 
power than another, does not therefore possess a better absorp- 
tive power ; for the proportion of the amounts of heat absorbed 
by it changes with the nature of the rays of heat which reach 
it ; and also the quantities of heat emitted by them appear under 
different conditions to alter in a different manner. 

Mellon! maintains that a substance which at a given tempera- 
ture (21 2° F.) emits more heat than another, always in the same 
proportion absorbs more than it when exposed to the same tem- 
perature (212° F.). However, it is a question whether this con- 
clusion is satisfactorily proved by the experiments of this distin- 
guished philosopher, because they merely refer to six bodies, two 
of wdiich moreover (lamp-black and metal) absorb equally all 
kinds of calorific rays, and hence cannot enter into consideration 
in a question of the unequal absorption of heat emitted from 
different sources. 

The observations of Rumford and Leslie on this point are not 
conclusive, because they do not allow of an accurate comparison 
of different bodies in regard to the radiation and absorption of 
heat ; nor do those of Ritchie, wdiich appear to prove the absolute 
similarity of the two phenomena, but in fact, as far as they are 
published, merely extend to lamp-black and metal; and w^e have 
already explained wdiy in this case they cannot lead to a general 
conclusion. 

3. Those experiments which have hitherto been made do not 
give any explanation of a question the solution of which does 
not appear to me void of interest ; it is this : — 

Does the radiating power of one and the same body vary ac- 
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cording as it is heated to a given degree ly rays from cUfferen. 'i 
sources of heat} 

To decide this pointy I coated thin paper, stretched upon 
metallic frame, on both sides with lamp-black so thickly that, 
direct transmission of the heat was impossible. When this wa,H 
exposed immediately before the thermal pile to the rays of an 
Argand lamp or a metallic cylinder at 212'^ F., which prodnccal 
the same direct deflection of the thermoscope, certain dcflcctioiKH 
of the multiplier were obtained, which were occasioned by tlie 
layers of lamp-black becoming heated on one side and tlu^ir 
radiation upon the other. The effect of absorption w^as found in 
former experiments (pp. 188 and 189) to be the same in hot It 
cases; hence if these deflections corresponded with cacli others, 
the radiating power must also be the same in both cases. Tliis 
was really the case. The needle deviated to 9^*87^ whether the 
rays of the Argand lamp or of the hcfited cylinder acted upon 
the blackened surface, provided that each of these sources of heat 
had produced the same direct deflection of 35° in the pile. 

The same result was obtained when carmine or black papcL* 
w'as caused to radiate upon the thermoscope; for when the 
former, with the blackened side next the source of heat, was ex- 
posed to the pile, an indication of 10°*5 was obtained in the nin^ 
tiplier, whether the heat was imparted by the flame of the 
Argand lamp or the dai'k source of heat ; and when tliescj sur- 
faces were replaced by black paper, which was also coated 
lamp-black on the side next the heating i-ays, each time a devia- 
tion of 10°, or nearly so, Avas observed in the needle wdien tlics 
direct deflection amounted to 35°. 

It is thus shoivn that the radiating power of the bodies 
mined is the same^ be the caloy'ific rays by which they are heate€i 
of ever so different kinds. 

The subjoined table contains the details of the observations 
(arithmetic means of every two numbers) : — 
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Table XL 


Surface inset (cul, and 
bcconnnf? healed ioi 
ladiatiou. 

Dellection 

by 

du ect 
ladiation 
lioiti the 
boiuee oi 
heat 

Deflection aftei the 
inseulioii, piodueed by 

Deflection 

M 

direct 
radiatuiu 
Itoin the 
feouiee ol 
heat. 

Deflection after the 
luscition, produced ])y 

The 

Arf'imd 

lamp. 

The 
heal ed 
eylaulei 

Ihe 

Aifijand 

lamp 

The 

heated 

cyluulci 

Paper covered on] 
oacli side with ^ 
lamp-black J 

35® 

9 87 

9dl7 

50° 

1150 

M-(i2 


Carmine on the side 1 
next ilie hoince of 1 
beat 

35° 

10 50 

10*50 

50° 

15-50 

15 50 


Black paper coated] 
'With lamp-black on I 
the side next the [ 
source of heat J 

35° 

1000 

9-87 

50° 

14*12 

14*25 


To make this experiment in a more direct manner, I heated 
the radiating bodies also immediately by the dlficrcnt rays. 

For this purpose I substituted a plate of charcoal for the paper 
coated on both sides with lamp-black,, and obtained the same 
result as before. I placed carmine upon some wire-gauze, which 
had the effect of keeping its separate parts together. When 
it was exposed in this manner before the thermal pile to the rays 
of an Argand lamp or the metallic cylinder at 212° F., which 
produced the same direct deflection, in both cases different in- 
dications w^ere given by the instrument. 

The question was, w^hether this ditfcrcncc was only to be 
ascribed to the unequal absorption of the diftcrent rays by the 
carmine-surface, or whether its radiating power was also con- 
cerned in it. 

I tried to convince myself of this by the following expeid- 
j]Qcnt: — If the carmine- surface next the pile is coated w’iih 
lamp-black, wliilstupon the other side the sources of heat men- 
tioned act upon it, the difference observed in the galvanometer 
arises solely from the carmine-surface absorbing the heat of the 
heated metallic cylinder to a greater extent than that of the 
Argand lamp; for, as we are aw^arc, tlie radiation from the 
carbon-surface does not in this case produce any difference. 
But if the coating of lamp-black be removed, so that the carmine 
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is turned towards both the thermal pile and the source of heat^ 
two things may happen. Either the above diffeixnce in the de- 
flections remains constant in proportion to them : the radiating 
powder, even with the carmine, then has no share in it ; or it is 
altered : when the unequal radiation of the carmine-surface is ^ 
proved to occur in both cases. If this, e,g, is increased, it 
would be a proof that the carmine-surface radiates comparatively 
better when heated by the metallic C 3 dinder than wdicn heated 
by the Argand lamp, for the same reason, perhaps, because it 
absorbs the former better than the latter. 

Experiment has decided in the first case ; for the blackened 
carmine- surface placed next the pile produced a deflection of 9°‘5 
wdien exposed to the rays of the Argand lamp, and of 
when exposed to those of the heated cylinder. The difference 
thus amounted to The free radiating carmine-surface in 

the first case caused the same deflection in the needle of 9*^*5, in 
the second of 10°*5. The difference of 1°*0 thus found with the 
same intensity of the deflections, the first being is not 

greater than comes within the limits of error of observation. 

The same occurred on using black paper. Thus when it was 
coated with lamp-black on the side next the pile, a deflection of 
10°*75 was produced by the rays of the Argand lamp, and of 
10°T2 by those of the heated cylinder 5 when the radiation was 
free, in the case of the former a deflection of 10°‘62, of the latter 
of 9°*87. In the first experiment the difference was 0®‘63, in 
the second 0°*75. Both may be considered identical 5 and hence 
we must conclude that the radiating power of the black paper is 
independent of the nature of the heat absorbed. 

The following table, in addition to the observations detailed, 
which refer to a direct deflection of 35°, contains others for a 
greater intensity of the sources of heat^ these also yield the 
same results. (The numbers are each the arithmetic mean of 
two observations.) 
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Table XIL 


Surface of substance 
insetted, and becoming 
heated for radiation. 

Pcflcc- 
tion by 
the di- 
rect la- 
diatioii 
ol tbe 
source 
oi heat. 

Deflection alter 
tbe insertion, 
piodueed by 

Differ- 
ence be- 
tween 
the dc- 
flef- 
Uon.s 



Deflec- 
tion by 
tbe di- 
leet ra- 
diation 
ot the 
houice 
ot heat 

Deflection alter 
the inscitioii, 
piodueed liy 

Differ- 
ence be- 
tween 
the de- 
flec- 
tions. 

The 

Argand 

lamp. 

The 

healed 

cylinder 

The 

Argand 

lamp. 

The 

heated 

liudei 

Carmine blackened "1 
next tlic i>ile .... J 

35 ° 

a 50 

10*87 

1*37 

50 ° 

13-75 

15 62 

187 

1 



Carmine not blackened 

35 ° 

9 50 

10 50 

1 00 

50 ° 

13-02 

15-12 

150 


Black pajier coated 1 
with lamp-black j- 
ne\t the pile J 

35 ° 

10 75 

10-12 

0-63 

50 ° 

15 25 

14 00 

125 

_ 

Black paper not coated 

35 ° 

10-62 

9 87 

0-75 

50 ° 

15 50 

14-12 

138 


ThuSy under those circumstances in which the same bodies ex- 
hibit an unequal absorptive power ^ their radiating power is one 
and the same; and those differences which have hitherto been 
observed when they are not heated to the same extent^ are there’- 
fore pure functions of the former^ and independent of the latter. 

In all cases therefore in which the elective absorption of cer- 
tain substances is to be determined from the amount of heat 
which they transmit to the thermoscope, it is a matter of in- 
difference ^’ihether they are coated with lamp-black (see p. 206), 
paper (p. 207)? or any other substance, for the purpose of in- 
creasing their radiation upon the pile. Within the limits of the 
experiments detailed, there will therefore be no fear of disturbing 
the above differences by any foreign influence exerted by them. 

IV. Comparison of the Heat radiated from different bodies within 
a certain range of Temperature. 

All former observations upon radiation have only related to 
the quantities of heat emitted by different substances at certain 
temperatures. The object of the present investigation is to 
ascertain — 

Whether the heat which radiates from certain bodies^ at one 
and the same temperature or within certain limits of temperature^ 
is of a different kind^ according as it is emitted by different bodies^ 
or is excited in them in a different way. 
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We possess two means of judging of the dissimilarity or simi- 
larity of rays of heat^ transmission and absorption. Thus we 
know that different kinds of heat permeate one and the same 
diathermanous substance differently (p. 191 and 203), or one 
and the same substance to an unequal extent (p. 206 to 207) 5 
whilst the same kind of heat does not admit of our recognising 
any differences in either the one or the other case. 

When there is a choice between the two means, that by trans- 
mission deserves unqualified preference, because it is a more deli- 
cate test-method than absorption. I at least have always found 
that the differences yielded by the transmission of diflFerent rays of 
heat through the same 'diathermanous media are always greater 
than those found by the absorptive method, and could often very 
readily perceive small shadows with the transmission wdien they 
were imperceptible by the absorptive process. 

Hence I have also endeavoured to decide the present question 
by observing whether the heat emitted in the different cases ra- 
diated through the same diathermanous bodies in a different or 
always in the same proportion. 

1. A number of adiathermanous substances were first heated 
to 212*^ F* by conduction^ by placing them upon metallic cubes, 
w^hich were kept at this temperature by boiling water. When 
it is required to examine the heat radiated from different sur- 
faces as regards its transmission through diathermanous bodies, 
the same deflection of the thermo-multiplier must first be pro- 
duced by each of them before the insertion of the diathermanous 
media about to be used for experiment between the source of 
heat and the thermal pile. This object was attained by approxi- 
mating or removing the former to such a position that the requi- 
site deflection of the galvanometer-needle was produced. Expe- 
riment led to the following result When the heat from the 
bare metallic surface had passed through a diaphragm, and 
acted upon the pile so as to deflect the needle of the multiplier 
to 35^, this was found to recede to 10^*25 when red glass 1*5 
millim. in thickness was introduced behind the perforated screen 
by the side of the thermoscope. The deviation of 10^*25 was 
produced by the heat which passed through the glass. The 
same deflection was obtained when, instead of the metallic sui'- 
face, w’ood, porcelain, paper, lamp-black, white lead, or any other 
substance, had radiated upon the instrument. 

The same occurred in all other diathermanous substances. 
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Thus a deflection of 7^*1 7 was observed each time a plate of cal- 
careous spar 3*7 millim. in thiclcncss was substituted for the red 
glass, whether the direct radiation which deflected the needle to 
35° was produced by heated metal, wood, porcelain, paper, or 
any other substance. 

The appended table (which contains the arithmetic means in 
every case of three observations) shows how great the agreement 
was when the heat emitted by eleven adiathermanous substances 
was examined by means of red and blue glass, rock salt, calca- 
reous spar and gypsum ; — 

Table XIIL . 


Thick- 
ness m 
milli- 
metres. 

SuLstances 

inserted. 

Deflec- 
tion pro- 
duced by 
direct 
radia- 
tion. 

Deflection produced by the insertion of the substance 
ladiatmg at 212° F. 

Metal. 

Wood 

Porce- 

lain. 

Leather. 

Cloth. 

Paste- 

boaid. 

1-5 

1*4 

14 

4-4 

37 

1-4 

Red glass 

Blue glass 

85 -^ 

10 25 
9 17 
3 92 
20*58 
i 717 
8 80 

10*17 
9*08 
4*00 
20 66 
717 
8*66 

10*17 
9 25 
3*83 
20*66 
7*08 
8*75 

1017 
9*17 
3*83 
20*58 
7*17 
8 66 

10*17 
9*17 
3 92 
20*66 
7*25 
8 80 

10'25 

9 25 
3-92 
20 75 
7-25 
875 

Alum 

Roek salt 


Calcareous spar... 
Sulphate of lime.. 

350 



Thick- 
ness in 
niilli- 
metres. 

Substances 

inserted. 

Deflec- 
tion pro- 
duced by 
dlK'Ct 

radia- 

tion 

Deflection produced by the insertion of the 
substance radiating at 212° F. 

Black 

Iiapcr. 

Carmine 

(thick 

layer). 

Jjamp- 

black. 

Wlute 

lead. 

Red Ve- 
netian 
lac. 

15 

Red glass 

3 r )<> 

10 25 

10*08 

10 08 

10*17 

10 25 

14 

Blue glass 


9 17 

9 17 

9-17 

9*17 

9*17 

14 

Alum 


4 00 

3 92 

3 83 

3 92 

3 75 

4*4 

Rock salt 



20*66 

20 58 

20 50 

20 66 

20 58 

3*7 

Ctilcaicous spar... 

.... 

7*25 

7 17 

7 33 

7 17 

7 17 

1*4 

Sulphate of liriic.. 

35 ° 

8 75 

8*75 

8*60 

8 75 

8*75 


Neither, as will be evident from the following table, could any 
difference be perceived in the transmission when the surface of 
the radiating bodies was modified by being scratched, although 
this had the most decided influence upon the quantity of heat 
emitted : — 
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Table XIV. 


Thick- 
ness in 
milli- 
metres. 

Substances 

inserted. 

Defection produced by the following bodies radiating at a 12'^ F., 
"after the msertion 

Hates of tin. 

PlatCH of copper. 

Bright. 

Sciatchcd 

longitudi- 

nally. 

Seratohed 
m both di- 
rections. 

‘‘Clouded” 

by 

scratching. 

Smooth. 

Engraved 
in both di- 
rcetiouH. 

Deflection by direct radiation 

1-5 

1*4 

1*4 

4-4 

3-7 

1*4 

Red glass 

Blue glass 

Alum 

Rock salt 

Calcareous spar 
Sulphate of lime 

1000 

9*25 

3-75 

20’50 

7-!J5 

8 75 

10-25 

9-25 

4-00 

20-50 

7- 00 

8- 75 

10-00 

9-25 

3*92 

20*75 

7*00 

8*50 

10-25 

9-25 

3*75 

20-75 

7- 25 

8- 75 

10-08 

9-17 

3-92 

20-(;o 

7- 33 

8- 70 

10-17 

9-17 

3-83 

20-58 

7- 17 

8- 58 


radiating at 


Thick- 
ness 111 
milli- 
metres. 

Substances 

inserted. 

Deflection pioduccd hy the following bodies 
after the insertion 

212® F., 

l*lutes of lead. 

Discs of wood. 

Smooth. 

Scratched 
in both di- 
rections. 

Smooth. 

Scratched. 

Itough. 

More 

rough. 

Deflection by direct radiation 35°. 

1-5 

1*4 

1*4 

4-4 

3-7 

1-4 

Red glass 

Blue glass 

Alum 

Rock salt 

Calcareous spar 
Sulphate of lime 

10-25 

9-17 

3-83 

20-BC 

717 

8-70 

10*17 

0-17 

392 

20-75 

7- 17 

8- 80 

10*25 

9*00 

3*75 

20*50 

7- 25 

8- 75 

10*25 

9*00 

3*50 

20-75 

7*25 

8*50 

10-25 

9-00 

3*50 

20*75 

7*00 

8*50 

10-50 

9-25 

3*75 

20-50 

7-25 

8*75 


If we connect with this the result obtained above (p. 196 to 
202)3 according to which the proportion of the heat permeating 
diathermanous media is constant whatever the temperature of 
the radiating body may be (between 88° and 234° it is evi- 
dent that the heat which, within this range of iemperatare, is 
emitted hy the most different adiathermanous substances, the 
structure of the surface of which is not uniform, token heated by 
conduction permeates in the same manner the diathermanous sub- 
stances used to test them. 

2. The next question was, how the heat radiated by the bodies 
would react as regards its transmission through diathermanous 
mediaj when heated, not by conduction, as in the first scries 
of observations, but by the radiation of heat from different 
sources. 

To ascertain this, I first exposed the substances used to radiate 
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tlie lieat^ to tlie rays of an Argand lamp (which, as before, was 
used without the chimney) . The size of the screen which they 
formed was sufficient to protect the direct rays of the flame from 
the thermal pile, so that the latter was reached by those only 
, which the heated bodies themselves emitted to it through the 
diaphragm. By withdrawing the latter or the lamp, it was easy 
to produce the constant direct deflection of 35° in the multiplier, 
which remained constant as soon as the screens had acquired a 
maximum temperature corresponding to the conditions, the 
proper temperature. Of course this point must be waited for, 
before the diathermanous substances are inserted on the side of 
the diaphragm next the pile. 

The radiating adiathermanous bodies, all of which were in 
discs 11 centim, in diameter, w^ere in general the same as in the 
first experiments — metal, wood, porcelain, leather, cloth, &c. 
The black paper, as also that covered by carmine, were coated 
on one side with lamp-black. A third piece was blackened 
on both sides. A net-wmrk of metal w^as coated with w^hite 
lead and red Venetian lac. The transmission of the heat 
emitted by them gave the same result as before. On this occa- 
sion a recession of the needle from 35° to 10°-10°*33 con- 
stantly occurred when the red glass, and from 35° to 7®*08-7'^*l7 
when the plate of calcareous spar was inserted between the 
heated screen and the thcrmoscope, of w'hatever the former was 
composed. 

The following table shows how perfectly the observations 
in this series of experiments agree with those of the first 
(p. 223) 

Table XV. 


Thick- 
ness 111 
maii- 
mctrcH. 

Substances mscried. 

Deflec- 
tion by 
direct 
ladia- 
tion. 

Deflection produced by the following bodies heated 
by the Argand lamp to produce the radiation 

aietal. 

Wood 

Porce- 

lain 

Leather 

Cloth 

Paste- 

board 

1-5 

1-4 

1-4 

4-4 

3 7 
1-4 

tied glass 

Blue glass 

Alum 

Rock salt 

Calcareous spar 
Sulphate of lime ... 

35° 

35° 

1017 
9 08 
3-92 
20 60 
7-17 
8 75 

10-17 
9-17 
3-70 
20 75 
M7 
8 75 

10-17 
9 25 
4-00 
20 66 
7-17 
8 66 

10 25 
9-08 
3 92 
20 58 
7-17 
8 75 

10 33 
9 08 
4 00 
20 66 
7-17 
8*83 

10 08 
9-17 
3-92 
20 66 
7-17 

8 75 
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Table XV. (^continued). 


Thick- 
ness m 
milli- 
metrea. 

SuT:)stances 

inserted. 

Deflec- 
tion. by 
direct 
radia- 
tion. 

Deflection produced by the following bodies heated 
by the Argand lamp to produce the raduition. 

Lamp- 
black on 
the side 
next the 
source of 
heat, lilack 
paper on 
that next 
the pile, or 
•mce versa. 

Lamp- 
black on 
tlie side 
next the 
source of 
heat, cai- 
mine on 
that next 
the pile, or 
vice versa. 

Lanip- 
black 
on both 
sides. 

White 

lead. 

Red 

V(J1U5- 

tiau 

lac. 

] )etlec- 
tion pro- 
duced 
aftiu’ the 
iiiserliou 
by the 
Argand 
lamp. 

1-5 

1*4 

1*4 

4-4 

3-7 

1-4 

Ued glass 

Blue glass 

Alum 

35° 

1()'25 

9-25 

3-1)2 

20-58 

7-08 

8-83 

30-25 

9-25 

3-1)2 

20*58 

7-17 

8*60 

10-25 
9 25 
3-92 
20-75 
717 
8-75 

10*00 

9-17 

3*92 

20*58 

7-08 

8*75 

10*08 

9*08 

4*00 

20*58 

7*08 

8*60 

22*00 

17*50 

8*50 

28*00 

20*00 

15*00 

Rock-salt 

Calcareous spar 
Sulphate of lime 

35° 


These immhers likewise remain unaltered when the adiatherma- 
nous bodies above mentioned arc heated by the metaUlc cylinder at 
212^ instead of the Argand lamp^ although according to the 
former experiments (pp. 204^ 205^ 206) the rays from these two 
sources of heat are essentially different from one another. 

The subjoined table (the numbers in which^ as in the former, 
are each the arithmetic means of two observations) will prove 
this beyond a doubt: — 

Table XVL 


Thick- 
ness in 
milli- 
naotres. 

Substances inserted. 

Deflec- 
tion by 
direct 
radia- 
tion. 

. . 

Deflection produced after the insertion by the following 
bodies heated for radiation by the hotniotullic cylinder. 

Metal. 

Wood. 

Porce- 

lain. 

Leather. 

Cloth. 

Panto- 

boaril. 

1-5 

1-4 

1-4 

4-4 

3-7 

1-4 


35° 

10*25 

9*17 

4-00 

20-66 

7- 17 

8- 66 

10*00 

9*25 

3*92 

20*66 

7-08 

8*83 

10*25 

9-17 

4-00 

20*66 

7*17 

8*83 

30-00 

9*17 

3*92 

20-66 

7-25 

8*75 

10-17 

9-08 

4-00 

20-(;6 

7-25 

8*66 

10-17 

9-17 

3*83 

20-75 

7-17 

8*66 

Blue glass 

Alum 

Rock salt - 

Calcareous spar 

Sulphate of lime ... 

35° 


Thick- 
ness in 
milli- 
metres. 

Substances 

inserted. 

Deflec- 
tion by 
direct 
radia- 
tion. 

Deflection produced after the insertion by the following 
bodies heated for radiation by the hot luctallic cylinder. 

Lamp- 
black on 
the side 
next the 
source of 
heat, black 
paper on 
that next 
the pile, or 
viceversd. 

Lamp- 
black on 
the side 
next the 
source of 
heat, car- 
mine on 
that next 
the pile, or 
vice versd. 

Lamp- 
black 
on both 
sides. 

White 

lead. 

Red 

Vene- 

tian 

lac. 

Deflec- 
tion at'ler 
iiiHcriioii 
pro- 
duced by 
the rays 
of the 
luotallic 
cylinder. 

1*5 

3*4 

1*4 

4*4 

3*7 

1*4 

Red glass 

Blue glass 

Alum 

35*^ 

10*25 

9*17 

3-92 

20*66 

7*08 

8 83 

10 17 
9-25 

4 00 
20 58 
7-25 
8*66 

10-25 
9-25 
4 OO 
20-75 
7-25 
8*75 

10*08 

9*17 

4-00 

20-58 

7- 25 

8- 75 

10*08 

9-08 

3*83 

20*66 

7- 33 

8- 83 

10-16 

9*18 

3*95 

20*66 

7*20 

8*75 

Rock salt 

Calcareous spar 
Sulphate of lime 

35° 
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In this case, as before (p. 196 to 202 and 224), it was a matter of 
indifference whether the radiating substances became heated in 
a higher or less degree; for the portion of heat which passed 
through the diathermanous substances remained the same w hether 
the direct deflection of 35° was produced by placing the disc to 
be heated nearer the source of heat and further from the ther- 
moscope, or nearer the pile and at a greater distance from the 
source of heat. 

It is thus evident from these observations, that the heat radiated 
hy different bodies always passes through the diathermanous media 
used in their investigation in the same proportion^ be the rays of 
heat^ by the absorption of which they are-heated^ ever so different. 

When in these researches the object was to investigate 
the transmission of the heat emitted from certain bodies by 
the substances used for examining them, diathermanous bodies 
of course could not be used as the heating agents in the method 
described ; for w’^hen they were placed, as in the previous ar- 
rangement of the apparatus, between the original sources of heat, 
e. g. the Argand lamp and the thermoscope, not only the heat 
from the flame radiated by them, but also that passing through 
them reached the pile. 

Experiments of this kind could not thei-efore aid in deciding 
the question especially under consideration; but they W'ere 
adapted to test the accuracy of the method itself, used for ascer- 
taining the identity or dissimilarity of certain rays of heat. 

Thus in the manner pointed out, a number of rays were ob- 
tained which differed in their capability of jiassing through dia- 
thermanous bodies *, and the proportion of which to each other 
w^'as dependent upon the nature of the body in which they ap- 
peared. Such a mixture of different kinds of heat, according as 
it belonged to the one or the other substance, must therefore per- 
meate the media under investigation to an unequal extent. 

The next question was, whether these differences in the trans- 
mission, which were pre-supposed by theory to exist, would also 
be perceptible in red and blue glass, alum, rock salt, calcareous 
spar and sulphate of lime, in cases in which they were only ad- 
mitted to be small. 

The experiment simply consisted in placing a slightly diather- 
manous bo(!y, e. g. a plate of ivory 1*7 millim. in thickness, on 
that side of a perforated screen next which the Argand lamp 

Compare m Table XV., p, 225 and 226, the dcflectiona for the lieated 
bodies after the insertion with those for the Argand lamp. 
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was placed, and approximating the latter to it until the deflection 
of 35° was produced by the combined action of the rays emitted 
from and passing through the ivory plate. As soon as the needle 
had rested at this point, the diathermanous substance to be ''' 
tested, e.(/, the red glass, was introduced on the opposite side of 
the diaphragm before the thermal pile. We were already aware 
that the rays from a body below 212° F., which had directly de- 
flected the needle to 35°, after their transmission through red 
glass produced a deflection of 10°~10°*25, and that of tiio Ar- 
gand lamp, with the same direct action, after their transmission 
through the glass, a deflection of 21°’75 (sec Tabic XVII. and 
p. 229). Thus when a portion of these rays joined the former 
so as conjointly to produce a direct deflection of 35°, if the me- 
thod was sufficiently delicate, the instrument under these cir- 
cumstances should indicate a different deviation from 10 ^■'25 
when the red glass was inserted in the same spot. This was 
really the case. A deflection of 13°*62 was produced. 

The same result was obtained in every other instance. Thus 
it amounted to 16°'75 when ivory was replaced by blac;k opake 
lac, and even 11°’62 when a metallic plate perforated with two 
necdle-lioles was used instead of this. 

The less the first diathermanous screen interrupted the heat 
which the second transmitted, the higher the deflection ought to 
be after the insertion. Thus with the same red glass the needle 
only receded to 27°*5 when the first screen consisted of colour- 
less glass 1‘9 millim. in thickness. 

The following table represents the great differences wdxich also 
occurred in the case of the other diathermanous media, (It con- 
tains the arithmetic means of every two observations.) 

Table XVII. 




Deflec- 
tion pro- 
duced by 
direct 
radia- 
tion. 

Deflection after the 
insertion, produced ky 

Deflection after the, hmertion when 
the iu'Ht Hcrcen is f<irnu‘<l by the 
followiup; MulmtauccH 

Tliiclc- 
ness iu 
mini-* 
metres. 

Substances 

inserted. 

The rays of 
heat of an 
adiathex- 
manoua 
substance 
between 
88° and 
212®P. 

The rays 
of the 
Argand 
lamp. 

Metal 
piorecd by 
two needle 
holes. 

silk cloth. 

Iv< uy 

I’l luUlim. 
in 

thickness. 

1*5 

Red glass 

35® 

10-12 

2175 

11 *(52 

ISMX) 

13-62 

1*4 

Blue glass 


9-22 

18'60 

10-47 

15-10 

12 "35 

1'4 

Alum 


3-92 

8-67 

5-55 

7*55 

7 ■92 

4-4 

Rock salt 


20-62 

29-50 

21-37 

26-25 

22-25 

37 

Calcareous spar 



7-22 

20-10 

17*97 

16-(>0 

11 60 

1-4 

Sulphate of lime 

35® 

8-75 

15-75 

9*37 

13-37 

11-88 
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Table XVIL {contimied). 


Thiolc- 
ness in 
inilh- 
metres 

Sulistances inserted 

Deflec- 
tion pro- 
(lue(‘tl hy 
diieet 
ladia- 
liou. 

Dctlcctiou attcr the inseition when the fust seret'n is 
formed by the following substances — 

Letter 
papei 0 05 
milhm in 
tluelmebs. 

Paper 
coated with 
caimme 

0 15 

milUni in 
thickness. 

Black 
opake lac 

0 5 inillmi. 
in 

thickness 

Black 
opake glass 
2 0 niiUim. 

Ill 

thickness. 

OoloUllCbS 

glass 

1 9 imlhm 
m 

thickness. 

15 

3 1 
14 

4 4 

3*7 

3*4 

Red glass 

Blue glass 

Alum 


18 50 
15*00 

8 30 
27*25 
15 22 
14*00 

17 25 
13*85 

7 55 
2150 
15 35 
14*00 

10*75 

13 07 

3 02 
2100 
13 85 
12 75 

10*00 
10 85 

4 42 
20*75 
13 10 
10 02 

27 50 
21*00 
11*80 

31 25 

20 85 
21*37 

Rock salt . . . 
Calcareous spar 
Sulphate of lime 

3ii° 


Hence no doubt remains in my mind that differences would 
also have been evident in the previous experiments had any 
existed. 

If, instead of the Argand lamp, a metallic cylinder below 
234° F. be used, all these differences should again disappear ; 
for the rays from the substances placed before it, as also the heat 
emitted by the cylinder itself, pass through the diathermanous 
bodies in the same manner (see Table XV.) ; and it must there- 
fore be a matter of indifference as regards the radiation, in what 
proportion they are mixed together, according as they issue at 
one or the other plate. 

The following numbers (the arithmetic means of two observa- 
tions) confirm this : 


Table XVIIL 


Thick- 
ness m 
nulh- 
mctrcH. 

Substances 

inserted. 

Deflec- 
tion pi 0 - 
dii(‘ed hy 
diiect 
radia- 
tion. 

^ Deflection after the 
iuacition, produced by 

Deflection after the inaeition when 
the first aeiecn is loimed by the 
lollowing substances — 

The rays of 
heat ot an 
ttdiathei- 
luanous 
substance 
between 
88'^ and 
212'^ F 

The rays 
ot the 
Argand 
lamp. 

Metal 
pierced by 
two IK'Cdlc 
holes. 

Silk cloth. 

Ivory 

1 7 luiUun. 
in 

thickness. 

1*5 

Red glass 

35° 

10 22 

10 10 

0*07 

10*22 

9 07 

14 

Blue glass 

... .. 

0 20 

0*20 

0 32 

0*32 

0*20 

1*4 

Alum 


3*02 

4*05 

3*02 

3 02 

3*80 

4*4 

Rock salt 


20*05 

20*05 

20 77 

20 77 

20*52 

3*7 

Calcaigous sjiar 



7 00 

7 00 

7*12 

7*25 

7*00 

1*4 

Sulphate of lime 

35° 

8*70 

8*82 

, 

8*82 

8*82 

8 95 





230 


KiVOBLAUCH ON RADIANT HEAT. 


Table XVI I L {continued) • 


Thick- 
ness in 
milli- 
metres. 

Substances inserted. 


Deflection after the insertion wken the first screen 
formed by the following substances 

tion pro- 
duced by 
direct 
radia- 
tion. 

Letter 
paper 0’05 
millim. in 
thickness. 

Paper 
coated with 
canuinc 
0*15 

millim. in 
thickness. 

Black 
opak(! lac 
0*5 millim* 
in 

thickness. 

Black 
opake g-lass 
y-O millim. 
in 

thickness. 

Coloiirlc^f^» 
aiaw H 

1-9 mill 
in 
thick 

1-5 

1*4 

1-4 

4-4 

3*7 

1*4 

Red glass 

Blue glass 

Alum 

35° 

1010 

9-20 

405 

20-77 

7*00 

8*82 

10-10 

9-07 

3-92 

20-65 

7- 00 

8- 82 

9-85 

9-20 

3-80 

20-77 

7-12 

8-70 

10-10 
9-20 
3-92 1 
20-65 
7-00 
8-70 

10-1 4> 

i-oa 

20-rt'^ 

7-13 

Rock salt 

Calcareous spar 
Sulphate of lime 

35° 


A constant deviation of the needle of from 9°*85 to 10®‘2 25 
now obtained on inserting the red glass^ and of from 7° to 
on introducing the calcareous spar, be the scx^een of whateVcr^ 
substance it may, provided that the direct radiation of the lieiit 
emitted by it and that permeating it has produced a deflectioiA 
of 35° The same applies to blue glass, alum, rock salt sxxxcl 
gypsum. All these different values, however, as far as they* 
related, merely vary within the errors of observation. 

The same result is obtained on heating the above diatherrrift^ 
nous bodies by conduction to a temperature below or at 212®^ l>y 
placing them upon a metallic cube heated to this temperature 
boiling water. 

The numbers found accurately agree in this, as in the previoii» 
case, with those which were formerly obtained for diathermaixoxiH 
substances (compare Tables XIIL, XIV., XV. and XVL). 
illustrate the comparison, we have annexed one of them in tl ie 
following table (it contains the arithmetic means of every tliLX'^ecs 
experiments) : — 


Table XIX. 


'fhick- 
ness in 
milli- 
metres. 

Substances 

inserted. 

Deflection 
by direct 
radiation. 

Deflection produced after the insertion by the 
following bodies radiating at 212® P. 

An adia- 
ther- 
manous 
subst. 

Silk 

cloth. 

Ivory 

17 

millim. 

thick. 

Letter 

paper 

0*05 

millim. 

Car- 

mine, 

thin 

layer. 

Blac'lt 
opalc cs 
glaspt sa • O 
milUim. 

1*5 

Red glass 

35° 

10-08 

10-17 

10-17 

10-08 

10-08 

10-2I> 

1-4 

Blue glass ...... 


9-17 

9-25 

9-17 

9-25 



1*4 

Alum 


3-83 

3-92 

3-83 

4-00 

’’ 3-92 

3-B3 ; 

4-4 

Rock salt 


20-50 

20-58 

20-66 

20-66 

20-58 

20*00 

3-7 

Calcareous spar 


7-33 

7-25 

7*25 

7*25 

7-17 

7-OB 

1-4 

Sulphate of lime 

35° 

8-70 

8-75 

8-80 

8-75 

8-75 

8-70 
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Table XIX. {continued). 


Tluolc- 
ness iti 
uulh- 
metics. 

Substances 
insci ted. 

Deflection 
bv diieet 
radiation. 

Defleetion pic 
iollowuig 

Black lac. 

duecd alter tbe mseition by tbc 
bodies liUUating at 212° r. 

Colourless glass 

Thm 

layei 

Tluek 

layer. 

1 1 

millini 

thick 

1 6 

inilhm 

tluek. 

2*2 

millun. 

tluek. 

3 0 

imlluu 

thick 

15 

1-4 

14 

4-4 

37 

1-4 

Red glass 

Blue glass 

Alum 

Bock salt . . 
Calcareous spar 
Sulphate of iune 

35° 

35°* 

105 
9-08 
3 98 
30 50 
M7 
875 

l()-25 
917 
3 92 
20 {J(> 
7*17 
8*80 

10 08 
9*25 
4 00 
20 58 
7 08 
8 BO 

10 17 
9*17 
4 00 
20 50 
7'00 
8 75 

10 17 
9-17 
4 08 
3075 
7 08 
8 75 

1017 
977 
3 92 
20 00 
7-17 
8 70 


Thus the heat emitted by adiathermanous arid diathermanous 
bodies^ within the limits of these expermeuts, passes through 
media used for testing them in exactly the sarnie manner. Hence 
(as is also evident from the values given) it is a matter ofindif-- 
ference whether the radiating substances {e. g. black lac or white 
glass) are of a greater or less thickness. 

I have yet to detail my reasons for considering as diatherma- 
nous the bodies last examined, in which, when acted upon by 
the Argand lamp, I found differences in the transmission 
tlirough red and blue glass, alum, rock salt, calcareous spar and 
gypsum (see Table XVII.). 

No one will hesitate to admit that heat directly penetrates 
colourless glass and the pores of silk-cloth ; but it might be a 
matter of doubt whether a transmission in its true sense, although 
only diffuse, could be admitted to occur in perfectly opake glass 
and lac, or in a layer of carmine, paper and ivory, lliat this is 
really the case, the following investigation will prove. 

If any body, except soot and metal (see p. 188, 189 and 
20G), be placed successively before the blackened thermoscope 
to the rays of different sources of heat, e.g. an Argand lamp 
and a metallic cylinder heated to 212°, which directly exert 
an equal action upon the instrument, it indicates different 
degrees. This difference in the indications may either arise 
from the substance inserted being adiathermanous, and becoming 
unequally heated wheix under the inllucncc of different sources 
of heat, or that it is diathermanous and allows of the passage of 
various kinds*of rays to an unequal extent ; or, lastly, that the 
effects observed upon the thermoscope are partly produced by 
the screens becoming heated, partly by the rays which pass 
through them. 

VOL. V. PART XVin. H 
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In the present case it all depends upon out satisfactorily con- 
vincing ourselves of the share taken by the latter. For this pur- 
pose the substances intx-oduced were blackened on the side next 
the tliennoscope, and thus the transmission^ if any occurred, * 
vas prevented. The differences which occurred on inserting 
the body under examination, could now only be ascribed to ifn' 
becoming unec[ually heated. If it were adiaihmnano'iis^ these 
differences, even when the coating of lamp-black is removed, 
remain the same, as we have previously (p. 220, 221) seen in a 
thick layer of carmine and with black paper. If however it Ih 
diathermanoiiSj then by the access of the transmitted heat varioiw 
kinds of changes occur, which are best illustrated by the expey 
riinents themselves. 

When the needle of the galvanometer was deflected to <10° by 
the direct action of the source of heat, on inserting the black 
glass coated with lamp-black next the thermal pile, in conse- 
quence of its becoming heated, it stood at 12° when the Argaud 
lamp, and at 11° when the dark cylinder radiated upon it; 
whilst in the first case it deviated to I6‘°'25, wlien the coating of 
the lamp-black was removed, the deflection in the second case 
remaining the same. Thus the diflerence in the indications with 
the different sources of heat, amounted in blackened glass to 1', 
in that uncoated to 5°*25. This is an infallible proof, that on 
removing the layer of lamp-black transmission occurs, whi(;Ii 
acts in the same manner as absorption with regard to diUcrenco 
of the deflections. 

On introducing the blacTc laCy the different sources of heat jmn 
duced an ectual action upon the instrument as long as it wan 
blackened upon the side next the latter, but a different one when 
the coating was I'emoved. This difference however can only \m 
attributed to the transmission of tlie heat which is now per- 
mitted. 

When the thin layer of carmine coated with lamp-black wiw 
inserted, the needle receded from 40° to 17^‘37 when the formc*r 
was exposed to the rays of the lamp, and to 21°-25 when c‘x- 
posed to those of the metallic cylinder. On removing the coating 
of lamp-black, it remained the first time at 19°*G3, and tliu 
second at 19°*87. The difference previously observed, arising 
from the unequal heating, now disappears by a compensation ol 
transmission and absorption; this being less in the case of tlu! 
heat of the flame than in that of the heated cylinder, the formei 
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less for the rays of the cylinder than for those of the Argand 
lamp. 

'Wii\\ letter paper the difference in the indications produced 
* by the removal of the lamp-black becomes reversed. Tlius^ 
^ whilst by heating the paper coated next the pile vith lamp- 
black with the rays of the flame, a deflection of 1 8'’'37 found, 
and with those of the dark cylinder 21^*13 ; in the uncoaied one, 
in the first case it amounted to 22 °* 25 , in the last to 20^*5. On 
this occasion transmission also occurs, which acts in opposi- 
tion to the heating, and preponderates to such a degree, that it 
not only ovei'comes the influence of the unequal absorption, but 
even produces a change of the difference 1o the other side. 

This also occurred with ivory ^ as may be seen from the fol- 
lowing table, which contains the details of the observations 
(arithmetic means of every two) : — 


Table XX. 




DcRcc- 



Deflection after the insertion of 




turn hy 
the fh- 

















Source of heat 

icct la- 


Black glass 

BUu k lae 

Papei coated with car- 

fliation 


2 0 niilhm. thick. 

0*5 nnlliiu thick. 

luiue 0 1 5 iiulliin. thick 



ot the 
source 
oi heat. 










Blackened 

Not 

blackened 

Blackened. 

Not 

blaekcned 

Blackened 

Not 

Idackcncd. 

Aigaiul lamp.. 



10dJ2 

1475 

1275 

15-75 

14-75 

36 75 

Metallic cylui- 
dci at 212'’ F. 



875 

<)-50 

12 03 

1 3 -2.) 

17 75 

16*87 

Aigaudlamp.. 
Metailio cvlm- 

1 


12 00 

ILOO 

l()-25 

1100 

1J37 

11 37 

18*37 

14 03 

17 37 

ui ar> 

19*63 

(Icr at 212“ F 



19 87 







Dcilec- 

Deflection alter the luseition of 






luui by 
the di- 
















Source of hcai . 

leet ra- 
diation 

Better paper 

O'Or) millim. tliK'k. 

Tvo) V 

1*7 luiduu thiek. 






of the 
Hoinoe 
ol heat. 










IMaekened. 

Not 

bhu*k(‘ned. 

Blackened. 

Not 

blackened 



Aigaiid lamp.. 

35“ 

1503 

1925 

8 75 

10 37 



Metallic oyliii- 
dev at 212“ F. 


17 03 

iHas 

8*87 

9*25 



Argand lamp.. 

35“ 

18*37 

22-25 

10*00 

11 87 



Metallic cyliii- 
(lei .U2J2'’ P. 


21 13 

20*50 

10-87 

10*50 



These changes of the difference of the thcrmoscopic indica- 
tions on removing the coating of lamp-black wmuld not occur in 
adiathermanous bodies. 


Ilcnce it is proved that black glass, black asphalt-lac, a thin 

R 2 
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layer of carmine^ post paper and ivory were ia fact MatJiermanou^ 
under the conditions pointed out. 

Tims the great differences 'which occurred on transmission ^ 
through red and blue glass, alum, rock salt, calcareous spar and 
sulphate of lime (see Table XVII.), when these substances were . 
exposed to the rays of the Argand lamp, arose merely from the 
heat being transmitted by them> and not from the circumstance 
that that emitted by them would he transmitted by the above 
media in a different proportion. 

3. From the following numbers it is evident that also the heat 
evolved by the vital ^rocess^ e, g. that radiated from tile hand, is 
transmitted by diathermanous media in the same manner as 
those previously examined*: — 

Tabj.e XXL 



Dcrtcction 
by dii'cct 

Deficctiori after the insertion of 







Sulphate 
of lime 

Sources of heat. 

radiutioti 
of the 

lied 

glass l*f» 

Blue 

glass 

Alum 

1‘4 

mlllim. 

Rock 

.salt 

Calca- 

rcouM 


soiirces of 
heat. 

uiillim. 

thick. 

1*4 

milUin., 

4-4 

luillim. 

spur :e7 
mllUni. 

1*4 

millim. 

An adiathermauous body, 
between 8B® and 212° F. 

1 





20-02 

7*22 

8-75 


^ 35° 

3()*12 

9-22 

3*92 

(See Table XVIL) 

The hand, between 84° 
an d 96° F. 

J 

> 35° 

1017 

9-17 

3-92 

20-()(> 

7-25 

8-66 












If we connect with this the fact, that the radiant heat of dif- 
ferent bodies (with the same intensity) also heats one and the 
same substance to the same extent as it passes through one and 
the same diathermanous one in the same way, the final result of 
these observations is, That the heat emitted by the most different 
solid bodies of unequal thickness and dissimilar structure of their 
surface^ which have as yet been eccammed^ as far as our present 
means allow ^ has been proved to be of the same kind^ in whatever 
way^ within the limits of these experiments (i. e. between 88° a7id 
234° F.), it may be excited in them. 

Taking into consideration this fact, according to wdiich a body 
always emits heat of the same kind, be the rays which heat it ever 
so different (see especially p. 225 to 227), the remark made in 
the first section appears explicable, that its radiating properly^ 
which is the cause of the quantity of this heat, is one and the 
same under these altered circumstances (p, 217 to 221). 

^ This also disproves the opinion of Forbes, that the heat emitted by boiling 
Water and the hand must be considered as different, 
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This result is of some interest as regards the determination of 
the specific heat of bodies. Thus^ if ice in the calorimeter 
absorbs the heat radiated by different substances;, even within the 
limits of temperature stated^ unequally^ L e. a greater or less 
, portion of a constant amount of heat, according as it emanates 
from one substance or the other^ the quantity of ice melted 
would not constitute a pure quantity for the amount of heat 
radiated by different substances, upon the calculation of which 
the whole determination rests. 

The results communicated moreover lead to a neiv method of 
ascertaining whether any substance transmits rays of heat or not. 

In the first investigations on this point the diathermancy of 
certain substances was considered to occur when, on inserting 
them before a source of heat, effects upon the thermoscope were 
obtained which could not arise from the introduced media, either 
because these had been made imperceptible to the instrument, 
or because these effects were diminished by the means which 
increased the absorption (see p. 191 and pp. 203, 204). 

This method however presupposes a certain intensity of the 
transmission, and would not have been applicable, e. g. in cases, 
as those previously considered (p. 228 to 234), in which small 
quantities only of radiant heat were concerned. For these I 
therefore made use of the method already described (p. 231 to 
234), i. e, I examined first the effects on the inserted substances 
of absorption alone with different sources of heat, by impeding 
the direct transmission of the heat by a coat of lamp-black, then 
produced the transmission, and then concluded from the effects 
observed whether in fact it arose from absorption or not. 

The new method, w^hich yields nothing to the former in delicacy, 
has the advantage of not requiring the substance to be coated 
with lamp-black. It wull be most easily illustrated by an example. 

Suppose it was required to be ascertained if ivory is diather- 
manous or not. 

To decide this, a plate of any substance knowm to be adia- 
thermanous, as wood, pasteboard or charcoal, is heated by the 
rays of an Argand lamp in such a manner that the radiation 
upon the pile through a diaphragm produces a certain deflection, 
e. g. of 35°, • in the multiplier. A diathermanous substance is 
then inserted before the thcrmoscope on this side of the perfo- 
rated screen. The needle then recedes, e. g. with red glass 1’5 
milliin. in thickness to 10'^*25. The ivory plate is subjected to 
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the same proceeding as the adiathermanous surface. It is placed, 
as regards the A.rgand lamp and the thermal pile, in such a 
manner, that, as before, a deflection of the needle to 35® is pro- 
duced, which in this case may possibly arise from heat of the 
flame which passes through it, as well as from the iyory plate ^ 
becoming heated. The question then is, if the rays of heat, 
which under such circumstances have deflected the needle to 
35®, will permeate the diathermanous substance in the same pro- 
portion as that previously emitted hy the adiathermanous sur- 
face, L e, whether now also, e» on inserting the red glass, a 
recession of the needle to 10®'‘25 is obtained. If this is the case, 
and occurs in the same way in all other diathermanous media 
used for testing, e, g, also with blue glass, alum, rock salt, cal- 
careous spar and gypsum, the ivory plate is adiathermanous ; 
for then only, as wc know (p. 225 and 226), do we find no dif- 
ference in this respect. But if, the second time the rays of heat 
do not pass in the same manner as before through the diuiher- 
manoiis bodies, we obtain in the case of a single one only a dif- 
ferent deflection after the insertion as before, it is a proof of the 
diathermancy of the plate of ivory. Experiment gave 13®'-u2 on 
inserting the red glass, and similar dilfcrcnccs with other diu- 
thermanous substances (Table XVIL). Ivory is thus diathcTaui- 
nous. The criterion for deciding the question is therefore briefly 
this : — 

If the heat which impinges upon the plate under examina- 
tion, when exposed to an A.rgand lamp, cannot by transmission 
be distinguished from the heat of any other known adiatlnuami- 
nous body, the plate itself is adiathermanous. If diilcreuces do 
occur, it is diathermanous.’^ 

This position could not be instituted until it was known that 
the peculiar heat of different substances did not produce tlie same 
differences. 

The temperature of the bodies compared of course should not 
he allowed to exceed 234^ E, 

That it is not a matter of indifference whether in this investi- 
gation an Argand lamp or any other source of heat is used, 
may be seen from the experiments detailed in Table XVIIL, 
in w^hich adiathermanous and diathermanous hocrics could nut 
be distinguished from one another, on exchanging the Argand 
lamp for a metallic cylinder" at 212° F., the general method of 
proceeding being the same. 
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Or, the substance might also first be exposed to an Argand 
lamp, and then to a heat of 21 2° F., and it be ascertained whether 
rays of heat in both cases escaping to it permeate the diaiherma- 
*^nous media in the same or a different way. In the first case it 
^ would be adiathermanous (compare Tables XV. and XVI. toge- 
ther), in the second diathermanous (compare together Tables 
XVII. and XVIII.)/^ 

Thus we have in reality obtained a new and certain means of 
deckling the question of the diathermancy of a substance^ and are 
in a condition for greatly increasing its delicacy, since there is 
no further need of protecting the thermoscope from the heat of 
the substance under investigation ; and the source of heat 
may thus be allowed to act upon it to as great an extent as we 
please. 
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AurtcLC VI 

Mcnmi on Double Hi fi action^ M A Fiil&m:l1 

[I rom tl^e Munoties (h I /huihmic Royuh (h s Stitnce^ de I Ini>tilui do I }(mcCi 
tom VII lB2f ] 

Inh oduciion 

Huygens, guided by an hypothesis founded on the iheoiy o( 
waves, was the fiist to iccognisc the tiue laws oi dotiblc icliac 
tion 111 uni ixal ciystals Ibis chscoveiy was peihapa moie di( 
ficult to m vkc than any of New ton^a on the subject of light, and 
what seems to piovc this is, that hcie Newton, aftei fuxitlcss 
attempts to discovei the tiuth, fell into euoi When we con 
aidci how gieatly his cuuosit} mu'^t have been cxfited b^ Uk 
phoinomcnon ol double icfi action, we cannot suppose tliat Ik 
gave less attention to it than to othci optical jduunomcna, anti 
one IS necessniily siupusccl at seeing him substitute a false lult 
Jo; tbo conatmciion oi Huygens, as accmalc as it was elegant, 
a cousti notion with which he was no doubt acquainted, bccaust 
he quotes his ticatisc on Light But what appeals still nioit 
inconceivable is, that the acouiacy ot Huygenses law was unat 
knowledged foi moic than a hundicd jcais, altliough it wua 
BuppoUed by the expeumcutalvci ideations oJ tins gicat man, as 
yemaikable peihaps for lus good fnth and modtslj, as ioi his 
raie sagacity If we ventmed to ofFei an explanation oJ Uiis 
Bingulai tiait m the histoiy of science, \vc should say that llu 
consideiations diawn fiom the thcoiy of wa^ es wdneh had guided 
Huygens, led piobably the paitisans of the emission sjstcin to 
suppose that he could neyei have amved at the iiuUi by a false 

* Ihe Tditoi IB indcbLetl to AlhctlW Hobson, B A , St John » Colb 
Cambiitlge for ibo Unnslntion of tins memoir 

t Ihc Unco munons, Ibc siibstinco of which is compuacd in llio 
one, weio succusively picsuitcd to the liistitnto on tho 2Gth No\ 1821, llm 
22nd Jan 1822, and 22nd Apul ol tho same ycai In iimtui^ ihom, llni 
niinngemfitit ot the mattoi has been changed and oonsidorahlo suppicsHimm 
made, but nothing essential has boon added to tho new facts and tncoiolaiil 
views wbicli they contained lo thelnttei only havo been given somo do\t 
lopmeiit necessary foi then coinpiehension , and it has been (WeiiKil us Inl lo 
inseit in this niemon a complete demonsliatioii of the liansvtiBal duootion ol 
the luminous Mbiations, hecauao on tins point depends the lluoi) of polaM/a 
tion and ot double ictiacLion Pina demon tialion has alicady been piiblnhod 
in the Bnlloim dela Philomnhqui, foi Octoboi 1821 
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hypotl^esis, and pievented them fiom leading lug tieatise on 
Light \Mth the attention Mhich it deseived 

AmontjSt modem philosophei s Mi Young is the fiist v^ho 
suspected the Hm of Huygens to be coirect it by his ad 
Nice that Di Wollaston veiified it by numeious and pieci^be 
c\pei imcnis Scaicely u as the icsult of these expenmrnts know n 
in riancc, when Mains occupied himself with the same ic 
scaichcs^ and lound^ us Dr Wollaston had done^ the la^\ of 
Ilnjgcns in peifcct numeiical accoi dance with all the measuies 
given by obseivation M dc Laplace^ consideung double 
icfi action m the emission point of mcw made a si ilful applica 
tion of the piinciplc of least action to the calculation of the ex 
tiaoidinaiv lefi action He found that the motion of the lumi 

nous molecules undeigoing this lefiaction might be explained 
by supposing them to be lepelled by a foice peipendiculai to 
the axis of the ciystab and piopoitionate to the sqiiaie of tlie 
Bine of the angle ^^hlch the extiaoidmaiy lay makes with this 
axis whence it follows that the diffeience between the squaies 
of the velocities of the oulmaiy and extiaoidmaiy lays is pio 
poitional to the squaie of the same sine 

This icsult IS only the tianslation of Huygenses law into the 
language of the emission system 1 he calculations of M Laplace 
ha\G not tin own any li^^ht on the iheoietical question foi they 
<lo not show why the icpuhne force emanating fiom the axis 
should ^aiy as the squaie of the sine of the inclination of the 
extiaoidmaiy lay to this axis and it is extiemely difficult to 
juslifj this hypothesis bj mechanic d consideiations 

In fict the same poluized lay uiideigoes the ouhnaiy oi ex 
tiaoidmaiy i eh action m ailiomboid of calcaieousspai accoi ding 
as its plane of polaiization is paiallel oi peipendiculai to the 
piincipal section of the ciystal it must be then the lateial 
fionls of Ihe bcam^ oi the paiallel faces of the luminous mole 
culcs composing it, which done determine, by the diffeience of 
then pi opci tics 01 physical i clations, the natuie of the lefi action , 
two of these flouts must be subject to the icpulsive influence of 
the axis and the two oLheis insensible to it We must suppose 
also ilie same absence of action on the anteiioi and posteiior 
laces ol the Itiminous molecules, since on simply tinning the ray 
tound Itself, and without dunging the diiection of these lattei 
faces, wc wiihdiaw it fiom the lepidsive power of the axis But 
the lateial f ices of the luminous molecules aie not less exposed 
to the lepulsivc foicc emanating fiom the axis and acting per 
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pendiculaily to its cliicction, \^hen the lay is pai illcl to the axis, 
tlum when it is peipemlicuHi to it, 'ind out docs not see \Ahy 
this action should be nothing m the fiist case, ^^lulst it attains 
its maxmxtm in the second 

If, leaving 'isulc ill inqmiy into the mechanic il cause of this 
singulii hn, it be considcicd as a neccssaiy cunscqucuci ol 
facts in the emission S3 stem, nc aic then cnihau isscd by othci 
difficulties Accouhng to tins s3Stcm, a beam of oidinaiy h^hl 
IS composed of molecules nliose planes of polau/ xlion me luintd 
in ill a/imiiths expeumont, moieo\ei, shows th it the due ctiou 
of the plane of polaii^ation of m incident lay docs not ch uigc 
abiuptl) at the moment wlun it penctiaics into the oi3stal, hut 
giadually and uftei hiMiig tia\eiscd a sensible tlucUncss, much 
gicatci in gencial than that to which must be limited the sphcic 
of aotivit} of the oidmaiy and extuioidmmy leliaction, 01 the 
limits ol the ciuved poition of the tiajecloiy This being 
csif bhbhcdj in a beam of ouhnaiy light, thcic can only be a vciy 
small poition of lays having then planes of polau/ation exactly 
paiallel 01 pei pendicnlai to the pimcipal section those of 
neaily the whole of the luminous molecules will be found dislu- 
buted tlnough all the inteimediatc a/imuihs Now, if the lopul 
siYc mfluence of the axis is nothing on a iny polau/ed paiallel 
to the pimcipal section, and if it makes itself fell \ni\i its full 
oncigy when the lay is polaiucd m a pcipcruhculai duectiou, 
this lepulaivc foice must vuy giadually foi the intci mediate 
dncctions, fioi^a the fiisl, wheio it is nothing, up to the last, 
wheie it attains its maximum Thus, since the molecules which 
compose the dueot light me polaiued in an infinite nninbei of 
diffcient a/imuths, they would be found subject to lepulsive 
foices of diffeient intensity, theicfoie then tiajecloues on 
enteimg the ciystal ought to undeigo diflei mil inflexions In 

01 del foi them not to bo sensibly affected by the diflei cnees of 
intensity which the diveisity of the planes of polaiuation o( the 
incident lays must cause in the lepulsne energy of the axis, 
it would be necessaiy that this action, as well as the lefuict 
ingpowei of the medium, should be sensible at much guulei 
depths than that to which the luminous molecules piescive 
neaily the same plane of poluiuation Now, iris exactly the 
contiaiy which is most piobahle, foi the thickness of eiyslal 
necessaiy to change the plane of polniualiou is too sensible, 
especially in ceitam cases, to allow of oiu admitting that the 
cui^ cd poition of the Uajoctoiy of the luminous molecule extends 
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so fai this cuive and the dehnitive cliiection of the leli acted 
lay;) must thtiefoie ^aly accoidin^ to the azimuth of the 
plane ot polaiization of the incident lay Ihus on following 
this h) pothesia into its consequences, it uould be found that the 
J-ight instead of dividing itself simply into tuo lays, ought to 
sepal ate itself into a multitude of lays, disiiibuted accoiding to 
all the inclinations compiised between the e\tieine diiections of 
the oidnicuy and cxtiaoidmaiy beam 

llic theoiy hcie combated, and a^^ainst uhich many olhci 
objections might be bi ought, has not led to a single discoveiy 
Xhe si ilful calculations ot M de Laplace, hoM c^ ei lemaikable 
toi an elegant application of mechanical pimciples, have taught 
nothin^;;, new on the Ians of doable lefi action 

Now, wc do not think that the assistance to he deuved fiom 
a good theoiy is to he confined to iht calculation of the foices 
when the law s of the phenomena aie 1 now n it w ould contnbute 
too little to the pio^^iess of science Theie aic ceitain laws so 
complicated oi so suigulai, that obseiiation alone, aided by 
analogy, could nevci lead to then discovciy To divine the e 
enigmas we must be guided by theoietical ideas founded on a 
true hypothesis Tlhe theoiy of luminous vibiations piesents this 
chaiactei and these piecious advantages fm to it wc owe the 
discoi eiy of optical laws the most complicated and most difficult 
to divine whilst all the olhci discoieucs, nunieious and im 
poitant no doubt which have been mule in this science by 
cvpeiimenteis adopting the emission sjstcm, aie much lathci 
the fiuit of then obscivition and sagacit), coinmoneing with 
those of Newton, than mathematical consequences deduced fiom 
his system 

Ihe theoiy of vibiations, whuh had suggested to Huygens 
the idea of ellipsoidal wa\es by means ot which he has so 

* To\ Ihe labouis of Nov ton and M do I npluce F (Utcitain tlvo most In \y 
and sincei admnntioii bnt I d ) not n In no cqualb i\lnc)i they have don 
and I do notodisnlei ki inHliinco asinui) pcisons^lo ih it Newton a Optids 
18 ono of his chief titks to fi mo U cm lams many piav c ciiois and tho tiuths 
tompnsed woio much km dilhcult to diitovei thin them chanual explnimtjon 
ot the (elcstial motions What a di(l lonco ni fact hetwecu Lho ao easy ana 
b 81S of li hi and that piofound f^lanco by wl icli Newton saw tlnit tlio piccessun 
of tho eqinnoxcb was occasioned b) lho dlatcnoss f tlio oaith ' It la his iin 
m ital luiicipia and the dijc<vciy of tho nulhod of lluxions wlncli have 
placed him m the first innk (f / ( nctois and nalmal philosopli is But how 
cvoi gi at tlic mt Ucctiml snpcuouty of bo piodigious a man ho is not tho less 
subject to on 01 it cannot bo loo olten i pealed J nateJ tmanum eU Nothing 
can bo more fatal to lho piogicss ot science than lho doctunc of mfaliibilit) 



242 


rHESNEL 0^ DOUBEL ULmACnON 


Inppily iGpicsented the movement of exiiaoulinaiy lays in uni 
a\al ciysials, has led us to the disco\c)y of the tiue lavis ot 
double lefiaotion in the geneial case of bi a\al ciystals Un 
doubtedly an impoitant paifc of these hws uas all cad} kno^\^,“ 
Su David Biewstei and M Biot^by numeious obsavations and a 
skilful use of analogy, had alieady succeeded in disco'ieinig tlic 
la^^ of the diiection of the planes ot polaiization of the Ino 
beams and of thou diffei eiice of velocity , but they ci e mistaken 
with legaid to then absolute velocities, in supposing that ot the 
oidmaiyiay to icmam constant, as in iini axal ciystals Uhc 
expel iments madeb} M Biot on topaz to vciify this hypothesis, 
had not piesented to him any sensible diffcicncc in the icfi action 
of the lay teimcd but we aie no longei smpused 

that these vaiiations escaped the attention of so acciuate an 
obseivci, when it is known how small they aic m almost all 
cliicctions except those in which they attain then ma%?m^my and 
which could not be indicated but bj thcoiy oi a lucky chance 
The mechanical considciations on the natiue ot luminous 
vibialions and the constitution of doiiblj lefracting media, which 
I have set foith in tlie Annalts de Chmiie ct de Vhysiqia^ tom 
xvii p 179 et have enabled me at the same time to explain 
the changes of the extiaoidinaiy icfiaction and the constant 
velocity of the oidinaiy xay in uni axal ciystals 

I soon peiccived that the icason which I had assigned to my 
self foi the iinifoimity of the velocity of the oidmaiy lay in uni 
axal crystals was not applicable to ciystals with two axes, and, 
constantly following the same theoietical views, I peiccived that 
la these latter neithei of the two lays ought to be subject to the 
laws of oidmaiy refi action This is exactly what I vciified by 
expel iment, a month aftei having announced it to M Aiago 
1 did not indeed piesent to him this result of my icflcctions as n 
thing ceitam, but as a consequence of my thcoietical views sc 
necessary, that I should be obliged to abandon them il cxpci i 
ment did not conBim this singular chniactci of double icfiacUoi 
m bi axal ciystals The thcoiy did not announce to mo in f 
vague manner the vauations of velocity of the ordinal y lay , n 
gave me the means of deducing their extent from the element 
of double refiaction of the crystal, that is to say, f om its dcgicc 
of cneigy and the angle between the two axes I had madi 
befoiehand this calculation fbi limpid topaz, accoiding to dati 
derived fiom the observations of M Biot The exp turn cn 
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ti^ieed in a satisfactoi y mannci witli the cakul ihoti oi, at h ast^ 
the diffcKiicc \ihich 1 have obscived is su^hcunlly small to be 
attubuted to some inaccuiicy m the cleavi^e ol the ciystal oi 
the diicction ot the i and pcihapa also to some ^li^ht dd 
teiencc ol optic il pioputics between my topazi and those of 
M Biot 

But bcfoie cntcimg into the detail ot these expeiiments^ I 
shall cndeavoui to exhibit cleaily the leuaonirij^s uhich have led 
me to it In this memoii I sliall follow the synthetical method 
I shall fiist explain the mechanical theoiy of double icfi action 
and aftciviaids make 1 nown the obscivations and calculations 
which have enabled mt to veiify it^ and which foim in some soit 
its expel imcnlal dcmonstiation 

Mechanical Thcoi y of Double Ilof) achon 

1 hib theoiy lests on two hypotheses one lelative to the natuie 
of the luminous vibiations, and the othei to the constitution of 
the media possessing the pi opei ty of double i eh action According 
to th( fiist, the luminous vibiaiions, instead of being peifoimed 
in the dn fiction of the lays themselves as has been geneially 
supposed by those who ha^e applied the wave system to optics 
me peipendiculai to the lays oi, moie stuctly speiking, pamllel 
to the siulace of the wa\cs Accoidmg to the second hypo 
thesis the vibiating molecules of doubly lefi acting media do not 
exhibit the same mutual dependence in all duections, so that 
then idative displacements will give use to diffuent elasticities 
accoidmg to then ducctions 

Ihis second supposition has nothing m it but what is ^eiy 
piobablc, it IS moic geneial than the contiaiy supposition, 
namely that which makes the mutual dependence ot the mole 
culcs, 01 the elasticity the same m cveiy duection If theic 
aic many bodies which do not piescnt the phceiiomena which 
ought to follow on this supposition, it is no doubt geneially 
owing to the comjicnsation of opposite effects pioduced by the 
molcculai gioups being tinned in all diioctions With legaid 
to the hypothesis as to the natuie of the luminous vibiations, it 
appeals at fiist much moie didicult to admit because one docs 
not easily set how tiansvciaal vibiations aie capable of indefinite 
piopa^ation in a fluid 

Neveithclcss, if the facts which alieady fmnish so many pio 
babilities in favoiu ot the wave syslom, and so many objections 
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nganist tint of emission^ compel us to lecogmsc this elm ictei 
m the luminous vibiatious it is ^afci to tiust omsches hcic to 
cxpoiimcnt thm to the notions, unloitiui itclj too incomplete, 
hithcilo picscnttd to us by the culuihitions of gcomclcis on the 
vibi itions of elastic fluids llefoic shoeing how no may con- 
ceive the pi op \g ition of these tiausveisal vibiations in an el istu 
fluid such as that by mIiicU light is ii insmittc d, I must pio\e 
th iL ihcu CMstence becomes a neccssniy consequence ot taets as 
soon as the system ot ’u ivcs is aclmiUed 

When M Ai igo and myscU had icmaikcd that ia>s polai- 
i7(d at light angle 1 always pioduce the same quantity ot light 
by Hull leunion, \\hate\ei be then difleiencc of louio, I thought 
that this putieulai law of the mtoifeunco ot polau/ed laja 
might bo easily txplunucl by supposing tint the luminous vibui 
lions, instead oi pushing the mlhoiial molecules paiull 1 to the 
ii^s, caused them to oseiUalc m peipcmUeuhu diicc tions, and 
ihal these diudions ncie at light angles to each othci foi two 
boaniB polaii/cd al a light angle But this supposilion was so 
tontuu> lo the i(( Lived ideas em the niLiue ot the vihiaiions of 
elaatie lluula, that I was a long Inne heioie adopting il cntucly , 
and even ^^hen the^ asaeinbhige of lac Is and new iclleelions had 
convinced me that it wan noees^aiy to the explanation of the 
pluenomcna ot ojitics, I nailed till 1 had assmed inYselftlmlU 
nas not conluuy to ilio pimcipUs ot mochanios he.loie sub 
nulling il lo llie examination ol pbilosojflieiH Mi Young, moio 
bold 111 his coii)ecluics and less eonhehng m Uie news ol geo 
metci«, has published it bcfoie me (although ))cihaps he thought 
o( li aftei me), and thcicfoio Iho pi loiily belongs to Imn with 
icguid to this thcoietieal \iew, as on many olhcis It nas tin 
(X[iLnmcnts ot Su David Bicnstei on bi axal ciystals which led 
him to think Unit the vibiationH ot light, inslc ad ot being executed 
longitudinally, m the dueetiou ot the lays, might in liutlibe 
ti msveisnl, and snnilai to the undulations ol an indelmilo coiel 
agitated by one of its cxUomiUcs II was, at any late, on the 
occasion ol Sii David Bicwstei’s obseivalions that be published 
this hypotlicsis, that is to say iliiec yeais attei the tliacovciy of 
the pailieulai cliaiaeiciisUcs ot the inteifeieiiee ot pohni/ccl lays 
Ibslnig on the tiisl law ot intciteionec ot these I shall cn 
de acorn to pioxc that the luminous vibiatiems aie pcifoimcd 
solely in a dncctien pni lUel lo the smiacc of the wa\cs 



IRESNII ON DOUBL.E UCrnVC IION 


215 


Demonsit ati07i of the e%clinwe exisitncc of rnimveual 
T' lb) aiions in ike Luminom hays 

It ^\n,s in 131 G th^it M Ain^o and myscll discovcicd thnt 
t\^o be mis ot poluized in planes at ii^^bt angles to facK 

othci no lon^u c\cit any influence on eacli othci^ m the same 
cucmnstancf s in nhich lays ol oidmaiy li^ht piesent the phte 
nomcn x of mtcilcicncc , whilst ns soon as then pi uics of pol iv 
ization appioach each othei a little^ the dmk and bu^^ht bands 
lesultmg fiom the concouise of the two beams icippeai, and 
become by so much the moie distinct as these pUnes aic biou^ht 
neaiei to coincidence 

Ihis expenment teaches us that two lavs polaiized in pei 
pendicuhu planes always give by then leunion the same in 
tcnsitj of lights whatevei be the diffciencc ot the paths uluch 
they have uin ovei staitmg fiom then common soiuce Non, 
fiom this factj> it necessaiity lesults that in the two beams, the 
vibiations of the netheiial molecules aie pufoinied iieipenchcu 
laily to the lays and in icctanguhi diiections To demonstiate 
this I shall hist call to mind that in the lectihneai oscillations 
pioduced by a small deiangemcnt of equihbimm, the absolute 
velocity of llie vibutiUj^ paiticle is piopoitional to the sine of 
the time leckoned fiom the oiigm ol the motion the dmation of 
a complete oscillation answeiing to a^^holG cncumfeience It 
the oscillation is cmvihiieai, it may always be decomposed into 
two iLctihneai oscillations peipcndiculai to each othei to which 
the snmc theoicm will apply 

In the luminous wave pioduced by the oscillation of the illu 
minatin^ paiUcle, the absolute velocities aiiimatin^^ the molecules 
of xthei aie piopoitional to the conospondiiit, velocities of the 
illuminating paiticlc and thexefoie aUo to the sme ot the time 
Moieovei the space doaciibed by each of the elemental y dis 
tmbanccs ot which the wave is composed is piopoitional to the 
time and as many times as this space contains the length of an 
undulation, so mmy entue oscillations have been peifoimed 
smcc the distmbancc set out II theicfoie (tt) lopiescnt the 
latio of the cncumfeicncc to the diamctei, (/) the time elapsed 
since the ougin of the motion, li also (X) denote the length ot 
an undulation, and (^) the space desciibed by the diatuibance 
in oulci to leach the point of fcthci which we aie considering, 
the absolute velocity with which Ihis point is animated at the 
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cud of the time (^) will be icpicaentcd by a sin 2 tt 



beings lieie ^ constant coefficient piopoihonal to the amphiude 
of the oscillations of the ictheiial molecules Oi to the luicnbiiy of* 
then absolute velocities ^ Tins being established, let us con 
sidei one of the t\AO luteifeimg i lys Whatcvci be tbc ducc- 
tion of the absolute velocity of the aethoiial molecule, ve inav 
always decompose this \elocity at each instant in tlueo con itant 
dll ections at light angles to each othei , the hist, foi evample, 
being the duection of the noimd to the wave, and the olhei 
two pel pcndiculai to this being, the one paiallel, the otbei poi« 
penchculai, to the phne of polun/aiion By the gcneial pun- 
ciple of small motions, we may considei the oscillations pci- 
foimcd by the ethei ml molecule, of whatevci natiue thej may 
be, is lesulting fiom the combination of tlnec seiics of lecU- 
hneai oscillations whose diiections coincide wiili these thice 
leciangulai i\cs, oscillations which, foi the gicatci geiiciality, 
we shall suppose to have commenced at diffeieut epochs 
Call (^) the time elapsed since a common epoch, and lepic 
sent by (w), (t;) and (ta) that which must bo added to (0 to ob 
tarn the whole time iccKoned fiom the oiigin of the motion ui 
each of the thiee modes of lectilmcai Mbiution , tlien the abbO 
lute velocities belonging to the instml wc aio consicleimg will 
be 


a sin 2 7f 
h 8in2 7r 
c sm27r 


(»H (-2), 

(vH.-i), 

(w+<-j). 


1) and c being constant coefficients, which denote the intensity 
of the absolute velocities in each system of leciilmcni oscillation 
Now let us considei the second pohuizcdiay, and decompose 
its absolute velocities in the ducction of the same icctangulm 
axes If wc lepiescnt by (o?^) the path which it has passed ovci 

* A demonatintion of tlioao foimwltc, and a nioio Ooltnlcd explanation of 
then usage will be toimd lu tbo Memoucs de lAcadunio dcs Sc/rwte?, tom \ 
Ihose icacleis who nve not familial with the theory of luuuaous waves, may 
fust study Its elcmentaiy priiicinlea in an mticlc on light ni tlic 8U))pkmont to 
tht I lench tiaiishition of the fifth edition of riiomson s ‘Chcmistiy [ilim 
article 1ms been tinnslutcd by Di Young in Biandoa ^QunUody Jomiifil ol 
Suence foi Jau 1827 and following mnnbeis — la N ] 
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to aulvc 'it tlic same pointy we shall have 'umihily foi the tluee 
components icfeiicd to the instant {t) 

sin 2 TT i 
sin 2 TT + t — J 
c' sui 2 TT 4* ^ 

Ihesc tluee velocities having lespectively the same diiectiona as 
the piecedmg, it is sufficient to add them m oidei to ha'se then 
1 csultaiiisj ^vlnch gn es— 

a sin 2 TT 4- sm 27r 4* i — y^ 

b sin 2 TT ^ 4- sin 27r 4. / y ^ 


c sin 


2 ?r ^ ^ x) sin 2 TT 4- ^ 


If \\c tiansfoim each of these expiessions so th-it it may con 
lam only one sme, accoiding to the method indicated in my 
Memou 011 Diffi action {liUmones de I Academe de$ Sciences 
tom V p 379) V e find that the squaie of the constant coefficient 
multiplying tins sine foi each of these lespectncly equal to 


+ a'® H- 2 aci cos 2 7 r H 

2 bU cos 2 TT — jV 4- 
r® h +2 cd cos Qtf 



Nov it is the sqiiaie of the constant coefficient of the absolute 
velocities vhich icpiescnts m each system of Mbiations, the m 
tensity of the light which is alvays piopoitional to the sum of 
the mzes vivdC ^ and as these velocities aie at light angles to 
each othci, it is sufficient to add the thiee pieccdmg squaies to 
have the total sum of the viz es vivaiesvMing fiom the thiec 
sysLems of vihjation, that is to say, the intensity of the whole 
light 

1 xpciiment shows that this intensity lemains constant, what 
cvci vaimtioiis aie undeigonc by the diffeience ^ of the 

vox V 1 VIIT will ® 
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paths descubed, ^hen the two mteifeimg beams have i\u\r 
phnes of polanzation pei pendiculax to each othei 
Thus, m this case, the sum of the thu e foiegomg expi ( SHnnm 
lemama the smt foi all values of (^^ — ^) We must Uu m Itu* 
have 


-f h 2 «fl^cos27r 



) 


cos27r^i?— +2cr' cos27r^w;- 


I . % \ 


an equation in which the only vauablc is {%^ — ^) 

Nov, since this equation must be satisfied whatcvci In Wu 
value of (^^ — a), it is clem tint all the teims containing ( i ^ it 
must chsappeai, since othei vise vc should obtain fioin tin t qua 
tion paiticulai values of (^' — a) ^Ihciefoie wc have 
aa^ =s 0, bV ==: 0, cc^ = 0 
The two polaiized beams which mteifcic dillei only in Uir 
azimuths of then planes of polaiiz ilion , that is to s ly, d \\i turn 
one of them about its axis so tint its plane of polau/utinn um\ 
be paiallcl to that of the othei these two luminous luaniH will 
present in cveiy diiection exactly the same piopcities , lh< > w ill 
he icflcctecl and icfi acted in the same minnci and in tin wium 
piopmtions at the same incidences Wc must theiclou iulmd 
that if one has no vibiatoiy movements peipcndicuhu to Ihr 
waves, no moie has the othei Now (a) and (a^ aic tlu mn 
stant coefficients of the absolute velocities noimal to tlu wmr^ 
in these two beams, and since a((l = 0, vluch icquucH Ibid nr 
have at least a = 0 or = 0, we must conclude ftom tins flmt 
both (a) and (a^) aie equal to zero 

Theie cannot tUeiefoie be in polau/ed light any otlui iUm 
vibiatoiy movements paiallel to the suiface of the wa\CH 
Let us now considei the othei two equations, /;// U nuA 
cc' = 0, winch contain the constant coefficients of the v< ha lU ^ 
peulendiculai to the lays, oi, more geneially, paialUl In th^ 
w aves [b) is foi the first luminous beam the component pundh ^ 
to its phne of polaiization, and (c) that which is pcipcndutth<i? 
to it, whilst foi the second, [V) being pmallel to (J), is ja ipM 
diculai to the plane of polaiization, and {d) is parallel In it 
(6') and (c') are respectively foi the second benn thul wbuh 
(c) and (i>) are for the fiist Theiefore, accoidmg to Uu u in^r^ 
just made on the peifect similitude between the pi ojki hr i 
the two mterfeung beams, if in the foimei Zi =:= 0, in Iho um 
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6^ \m 11 be nothing oi li it is the component (t) nhich is nothing 
in the foimei (6^) in the second will equal /eio riuis we must 
conclude, fiom the two piececlaig equations, 

6 = 0 and 6^ = 0, 01 c = 0 and 6^ = 0 , 
that IS to say, that in each of the two beams thcic aie only vibia 
tions paiallel oi pcipcndiculai to its plane of polauzation 
When we have explained the mechmical causes of double 
lefi action, we shall show that these vibiations aio pcipendiculai 
to the piincipal section iii the oidinaiy lay, that is to say, to the 
plane which it has been n^iccd to call the^;/^mc oj potmi ahon 
Having demonsiiated that in polaiized light the eethciial mo 
lecules cannot have any vibiation noimal to the waves, uc must 
suppose that neithei does this mode of vibiation exist m ouh 
naiy light In fact, when a beam of oidmaiy h^^ht, filling pei 
pcndiculaxly on a doubly icfi acting oiystal, is divided into two 
polaiized beams, they no longci contain vibiations noimal to 
the waves If then thcie weie any such in the incident light 
they must have been destioyed, whence theie must have been 
a diminution of 'yis vim^ and theiefoie a weakening of the light, 
which would be contiaiy to obseivation, foi, when the ciyslal 
IS pcifectly tianspaicnt the two emeigcnt beams when leumtcd 
rcpioduce a light equal to that of the incident beam, if thcie be 
added to them the small quantity of light icflected at the faces 
of the ciystal Now we cannot suppose that it is into this small 
quantity of light that the \ibiations noimal to the waves )ia\e 
betaken tliemaclves, since on causing it to tiavcisc the ciystal it 
could also be iiansfoimed almost cntiicly into two polaiized 
beams, wheic we aic ceitam that this kind of vibiation docs 
not exist It is theicfoic natmal to suppose that oulinaiy light 
also contains only vibiations ])ainUel to the waves, and to con 
Bidei It as the asscmblago and lapid succession of a multitude of 
systems of vsaves pohui/ed in all a/nnuilis Accoidiiig to this 
theoiy, the act of polaii/ation docs not cousist m the ci cation of 
tiansveisal vibiations, but in the decomposition ol these Mbia 
tions into two fixed icctangulai diioctions, and m Ihc scpaialion 
of the lajs lesulting fiom tins decomposition 

Iheoieiital rj^planalion of ihc I axos oJ Ink'ifa exicc of 
Polai i ed Hays 

Accoiding to what wo have just said conceimng the natmc of 
tlic vibiations of polaimd lays, it is clcai that they cantiot pie 
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sent the plieenomena of mteifeience, except so fai as then planes 
of polaii 7 ation me paiillel oi nppioach to paiallelism When 
these planes me peipenclicuhi, the absolute velocities oi the 
fethciial molecules aie also peipendicuhi to each othci , if> 
theicfoKj at each point of the common diicciion of the tuo lays 
'\\e ^Msh to obtain the itsultant of the tivo ^clocltIC^ impiesstd 
by them on tlie molecule of tethci, we must take the sum of the 
squaies of the two xclocities, this will be the squaic of the 
1 esultant The same calculation applies to all the points of the 
two sj stems of wa\es, whatevei may be in otliei lespecls then 
diffeienoe of lOiitc, thus the sum of the squaics of the absolute 
velocities impiesscd on the astheiial molecules by the union of 
the two systems of wa^es will always be equal to the sum ol the 
squaics of the absolute velocities caused by each of the luminous 
lays, 01, in othei woids, the intensity of tlic whole light will 
alwa;)S be equal to the sum of the intensities of the two mtci 
fcimg lays, whate^ ci may be then diffciencc of loutc Vaiiations 
thciefoie m this diffcience cannot pioduco those altci nations of 
biightness and obscinity which aic obseived m oidinaiy light, 
01 in lays pohnized in paiallel dnectioiis Ihc ease with which 
oui hypothesis explains the fiist law ofintcifeiencc of polau/cd 
lays IS then seen, and this is what might be cxpecUd, since 
it was iiom this law itself that we have dciivcd it 
We may icgaid it as sufficiently estibli&hcd by the demon 
stiation just gnen , but it will not be without use to show that 
the same hypothesis agiees quite as well with the othci laws of 
mtcifeience of polaiized lajs which become the immediate con 
sequences of it These theoictical developments on the piopei 
ties of polaiized light will not appeal out of place m an essay 
on double lefi action, and will moieovei find then application m 
the memous w hich w e intend to publish aftci wai ds on the coloiii s 
of ciystallme plates 

When the inteifei mg luminous beams have then planes of 
polaruation paiallel, then vibiatoiy movements have the same 
diiection, and theiefoie aie added to each othci along the whole 
coiiise of the lays if the diffeience of loute is nothing, oi equal 
to m even numbei of semi undulations , and aic subti acted one 
fiom the othei when the numbei of semi undulatmns is uneven 
In geneial, to obtain in this case the intensity of the light 
resulting fiom the concouisc of the diftcient systems oi waves, 
we may use the foimulse aheady cited fiom my Memon on X)if 
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fiacUon which have been calculated on the supposition that the 
\ibiations of the mieifuinj^ 1*133 ivcie pcifoimcd m a common 
duection 

I come now to the thud punuplc of mtcilcience of pohiized 
lays When two poitions of i luminous beam, which Ind at 
fiist the same pi me of polaiization^ PF iccei^e i new polnua 
tion in two diftucni planes OO' and EW;> and aie afteiwuida 
in ought back to a common plane 
of polaiuation, &S' 01 11 ^ then ^ 

agi cement 01 disngi cement answcis 
piecisely to the diftciencc of the 
loutes dcsciibed^ when the two 
planes of polaii/alion OC and 
stalling fiom the piimitive dnee 
tion CP^ nftci having been sepa 
latcd one fiom the othei, appioach 
each othei atteiwaids by a contiaiy 
movement so as to 1 eunite in OS but 
w h( n the two planes CO and CU continue to w idcn then distance 
fiom each othei until they become situated one on the pio 
loiij^atiou of the othei, m Cl and CF toi example^ it is no 
longei sufficient to take into account the diffcicncc of paths do 
sciibcd it 13 ncccssaiy also to chan^^o the si^ns of the abaohitc 
velocities ot one oi the intcifuing beams by giving a contiaiy 
sit,n to then constant cocflicicnt, 01, which comes to the same 
thing, adding a scmi undulation to the diffcience of paths 
dcsonbed 

It 13 easy to see the icason of this lule In oulci not to com 
plicate the figiue, wc shall suppose that the lines theic thawn, 
instead of lopiescnting the planes of xiolau^atiou, indicate the 
dncction of the luminous vibiations which aie pcipcndiculai to 
those planes Ihis is ns if wc had turned the ligmc tluough a 
quaitei oi a cucuiufticncc loimcl its centic C, which alteia 
nothing m the iclativc positions of the planes of polaii/ation 
I ct us considci, at anj point whatc\ci of the luminous lay pio 
jecledin C, the absolute velocity wbicli animates the mihcual 
molecules at a given instant in the pumitivo beam, whose vibia 
tious aic pcifeimed in the duection PF, and suppose that at 
this instant the molecule C is pushed iiom C towauls P, that is 
to say, that its absolute velocity acts in the duecUon CP, its 
components along CO and CF^ will act, one m the duection CO, 
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the othei in the dnection CE^ NoMj accoiding to tlie genciiil 
piinciple of small motions^ these components aic the absolute 
velocities in the two systems of Agaves which lesult fiom the 
decomposition of the fiist If we suppose 00^ and EE^ at light 
angles, as is the case for the chicctions of the oidinaiy and ex- 
tiaoidinaiy Mbiations m a doubl) left acting ciyslal, the com- 
ponent CO will be equal to the fiist absolute velocity multiplied 
hy cos ly and the component CEHo the same \elooity multiplied 
by sin ^ We aie thus led to a vei y* simple explanation of the 
law of Malus, on the lelativc intensities of the oiclinaiy and cx 
tiaoidinaiy images by passing fiom the absolute velocities to the 
viiesmv(Qy which aie piopoitional to then squaies, cos^^and 
But let us letuin to the components CO and CE^ If 
wo decompose them each into two othcis in the ducctions SS' 
and TV, thcic will icsult foi the foimei CO tw^o velocities in 
the duections CS and CT, and foi the second CE^, two com 
ponents acting in the diiections CS and CT^ It is seen that m 
the plane the two lesulting components act in the same 
dnection and aic added to each othci , whilst they act in con 
tiaiy duections m the plane and must theicfoic be affected 
with contiaiy signs , which justifies the i ulc w e have announced, 
foi what we have just said applies equally to all the points taken 
on the lay pi ejected m C, and theiefoie to the constant coeffi- 
cient which multiplies all the absolute ^clocltlcs ot each system 
of waves This law, the enunciation of which may at fiist sight 
have appealed complicated, is m substance, as we see, only a 
veiy Simple consequence of the decomposition of foiccs^ 

The pxmciplcs just established w ith legaul to the inlci fci once 
of polaiized lays suffice foi the explanation and calculation of 
all the phamomena of the colouis of ciystallinc plates We 

♦ I tbmk it needless to give hoio the expknatioa ot tlio fomth law ofmter 
fcieuce of polniized lay a, winch is a rcaiilt of t)ic piescnt ono, as 1 have shown 
It to be ill a Note joined to the Repoit of M Awigo in llio Annalc^ ik Chimie 
et de Phi/sique^ tom xvn p 101 This law consists in this, that tlie uoa 
which have been polaiized at right angles and aro aftciwaicla hiont,lit back to 
the same plane of polaiwatioii, cannot present plnmiomena ot intcih Rnce cx 
cept in so tai as the primitive beam liafa received a piovious pohui/nUon Not 
that thej do not necessarily exeita mutual iiiGuonco on end) othei as soon n'^ 
then vibiatoiy motions mo bi ought back ton common direction , but the hglit 
whicli has not rccened any pie\ ions polailzotion, and whidi may be consideied 
as tho union of an infinity of systems of waves polaiized ni all%llreotions wlicn 
anal) ^ed by a rhomboid of calcaieoiis spar after its passago acioss u ci)8tulll/ccl 
plate, piodncca ot tho same time m each of the two images opposite eftucis 
which mutually disguise each othei (sc masqHeni)^ as ma) ho easily dcdnccil 
from tho law just e\plauiod 
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might theiefoie limit heie the devclopiinent of these consicleia 
tions whos( special object it is to give the theoietical dcmonstia 
tion of the lules foi calculating the tints of ciystalhne phtes 
Wc think houevei that it will not be xisckss to point out heie 
some of the most simple consequences of these pi iiiciples 

I suppose that a beam ot polauzed lays falls peipendiculaily 
on a ciyslalline phtc situated m the plane of the figuic Let, 
as bcfoie, PP^ denote the dncction paialld to which the vibia 
tions of the incident beam aic pcifoimed OO^ and hW those 
of the vibiations of the oidinaiy and oxtiaoulmaiy beams into 
which it IS divided aftei having pcnctiated into the crystal 
Suppose this ciystalhne plate to be sufficiently thin, that there 
may be no sensible differ ence of loutc between the two cmeigent 
beams, oi that it has such a ihicl ness that the diffcience of 
loute may contain a whole numbei of undulations, which comes 
to the same thing all the points taken on the iny piojecled m 
C, foi example, aie simultaneously lugcd in the two systems of 
waves by velocities which coi respond to the same epochs of tho 
oscillatoiy movement they will have theicfoie at each point of 
the lay the same latio of intensity, that namely oi the constant 
coefficients of the absolute velocities of the two systems of waxes 
theiefoie then resultants w ill be par allcl and w ill all be ])iojcctetl 
in tho cluection PP', since the components aie all two and two 
in the latio of cos ^ to sin i Ihus the light ausing fiom the 
union of the two einci gent beams will still be polauzed since 
all its vibiations will be pciloimcd in pai allcl duections and its 
plane ol polaiizat ion will be the same as that of the incident 
beam 

Suppose now tlic cliftutncc of loute ot Hit oidinaiy and 
cxtiaoulinaiy beam on cmcigcncc horn the ciystil, to be a 
sc mi undulation oi an uneven numbci of scmi undulations , 
this is as if, the di flu cute of loutc being nothin , wc wcie to 
change the sign of all the absolute velocities of one of tho two 
systems of waxes, llius the xelocity which uigcs the molecule 
f at a given instant, m the first beam pushin^ it horn C towards 

0 foi example, that xvluch is caused by tho second beam, instead 

01 pushing this molecule fiom C tow aids I as in the picccdmg 
rase, will push it horn C tow aids 1 so that the icsultant of 
these two impulses, instead ol being diicctcd along CP, will 
haxc the dncction of a line situated on the olhei side of GO, 
and mal ing with tins latter an angle equal to the angle {^) con 
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tamed beh^eeu C O and C P, The •same Mill be the case for all 
the other points taken along the lay projected in C, Thus the 
Mdiole light composed of the two emergent beams aviII still be 
polauzed on leaving the ci3»&tal> since all its vibrations will be» 
paiallel to a constant dnectioii, but its plane of polarization^ 
instead of coinciding Mith the piimitivc plane^ as in the jneceding' 
case, will be found acpaiatcd fiom it by an angle equal to (2^)* 
It IS this neM dnection of the plane of polauz-atioii which 
M, Biot has called the azimidli 

It 18 seen with what simplicity the theory wo have sot foitli 
explains how the union of two beams of light, polauzed at right 
angles, tlic one in a dnection parallel, the other pcipendicular, 
to the piincipal section of a ciystal, foim by thcii icuniting a 
light polaiized in the primitive plane oi m the a/imuth (2^), 
uccoiding as the diflcionce of loute bctivccu the two beams is 
equal to an even or uneven number of scmi-unduluiions. Wc 
cannot imagine how one could conceive, on the emission system, 
this reinaikablo phenomenon, nhich ncvcithelcss cannot be 
culled into doubt after it has been pro\ed by an expenmont so 
decisive as that of the tMO xhoraboids, given in the zhi/udi'S do 
C/nmie et de Physique^ tom* wii p« 94 el seq* 

Let us consider now the case in uhich the difference of loulo 
IS no longer a xvholc number of semi-undulutions i then the coi- 
responding velocities in the txvo systems of xvaves are no longci 
applied simultaneously to the same points of the lay piojoctcd 
in Cl the result is, that the two foicos, xvhich solicit each of 
these points at the same instant, have not the same ratio of 
magnitude along the whole length of the lay, and consequently 
that then icbultants arc no longer in the direction of the same 
plane, thus, the leunion of the two systems of waves jncsenta 
no longci the charactcis of polarized light. Call their difference 
of loute («) , the constant coefficients of their absolute velocities 
are lespectively equal to cos ^ and sin z, taking for unity that of 
the piimilive beam, whose vibiations are peiformod in a direo-- 
lion paiallel to PP'. 

Then, the absolute velocities excited by the t\vo component 
beams, m the same point of the lay projected in C, at the instant 


(if), Mill be cos ^ , sin 2 TT {t) and sin i . sin 2 tt 



and the 


square of the lesuUant of these two rectangular forces will be 
equal to 
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cos^ I sin^ 2 TT 




sin^ ^ sin 2 X 



(A) 


1 lom this foimiila may also be obtained the displacements of the 
Mbiatin^ molecule lehtive to its position of lestj by changing 
tlie time (^) by a quaiLci of a ciicuinlLiencej oi the common 
point of dcpaitnic by a quaiLci of an undulation foi tliese dis 
jilaccmcnls follow the same Im as the velocities^ with tins dif 
feience oiily^ that the \eloeity is nothing at the moment of the 
moleculc^s being at its gieatest distance fiom its position of lest^ 
and that tlic instant of its passing thiough this position is that 
of maximum velocity 

1 01 the same leason the displacements of the vibiating mole 
cnle mcasined paiallel to the icctangulai dnections 0 0^ and 
aie piopoitional to the expiessions 

C 03 ^ cos2x t andsmi cos2x 



If we uish to find the cuive dcsciibcd by the molecule icfeiicd 
by paiallel cooidinates to 00^ and LL', it is sufficient to -^^nto 

cos i cos 2 X ^ and sm t cos ^ ^ ^ 1/ 

and to eliminate (^) between these two equations, which gnes 

sm^ ^ H 2/^ cos^ t — 2 y sin t cos i cos 

A 
a 


&m^^ cos 2 sm 


in u(uation of a cuive of the second degiee icfened to its eentio 
Witlioul discussing this equation, wc aie ceilain beioichand 
that the eiu VO can only be an ellipse, since the exclusions of the 
molecule in the diicction of i and ^/havc foi limits the constant 
quantities sm t and cos i Jins cuive becomes a cuele when 
% ^ A5®, and (r/) contains the lointli pail of an undulation an 
uneven numboi of times oi in othci woids when the two 
systems of waves polni/ed at light aiigies Imve the same in 
tensity, and diflei m then loutc by an uneven numbci of quaitei 
undulations Wc have then 


sm j 


(as^ 




< OH 2 X r — 'lid sin ^ x L 


which 1 educes the above equation to 


% 




I 
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It would have been easy to aiiive at the same consequence 
without the aid of the geneial equation^ by lemaiking that, since 
in this paitiGulai case 


sill % “ cos t and cos 2 tt 



sin 2 TT 




the two cooidinates 


cos i cos 2 TT / and sin ^ 


cos 2 TT 



aie always piopoitionol to the sine and cosine of the same 
vannble angle 27r t 

Anothci lemaikable peculnuty of the oscillatoiy motion m 
the same case is, that the velocity of the molecule is unifoim 
In fact, the foimula (A), vhich expi esses the squaie of this 
velocity, becomes 

1 sin® 2 7r / -f ^ cos® 2 ^ oi ^ 

2 2 2 


Tins unifoim ciicnlai motion takes place in the same clnection 
foi all the molecules situated along the lay piojcctcd in C , but 
they do not occupy at the same instant the coiicsponding points 
of the cucumfeicnccs which they descubc, that is to saj, the 
molecules, winch in then state of lest wcio situated on the 
stiaightlinc piojectcd in C, instead of icmaining on a stiaighi 
line paiallcl to tins, and which would dosenbe lound it a cyhndci 
on a cuculai base, foim a helix whose ladius is that ot the small 
cucles descubed by the vibiating molecules, and the distance 
from tin ead to tin cad {^^lepas^^) is equal to the length of an 
undulation If we turn this helix lound its axis with a unifoim 
motion, so that it describes a ciicumfcience in tho mtcival of 
time dm mg which a luminous undulation is peifoimed, and it 
we conceive, besides, that m each infinitely thin slice pci pen 
diculai to the ia)s all the molecules pciloim tho same move 
ments as the coriespondiiig point of the helix and picscivo tho 
same lelative situations, wo shall have a couoct idea of the kind 
of luminous vibiation which I have pioposcd to call Ci7ctda) 
Polanmtion^ giving the name of Rectilineal Polai izaiion to that 
which was obscived fiist by Huygens in the double lefiactiou 
of Iceland apai, and which Malus has lepioduced by simple 
leflexion at the siuface of tianspaient bodies 
These cuculai vibiations aie peifoimed sometimes tiom light 
to left and sometimes fiom left to right, accoiding as the plane 
ot polaiization of the system of waves picccding {en avant) is to 
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the light 01 left of that of the system of waves succeeding {cu 
aiihh(i)y the diffeience of loute being equ*!! to a quaiter of an 
undulation^ oi to a whole numbei of undulations plus a quT.iter 
it IS the inveise iihen this difieience is Ihiee quaiteis of an 
undulation oi a whole numbei of undulations plus thiee 
qiniteis 

Iheic aic ceitain icfiacting media, such as lock ciystal m the 
duection of its axis the essential oil of tin pen tine of lemons 
&.C , which have the piopeity of not tiansmitting vith the same 
velocity the ciiculai vibiations fiom light to left and those horn 
left to light Such a lesult may be conceded to aiise fiom a 
paiticulai constitution ol tlie lefi acting medium or of its inte 
giant molecules, Inch pioduces a diffeience between the duec 
tion fiom light to left and that fiom left to light such would 
be, foi example a lielicoidal uiangement of the molecules of the 
medium which would offei contiaiy pi o per ties according as the 
helices ^^ele dewiroisnm or 

The mechanical definition which we have just given of ciiculai 
polauzation enables us to conceue how the singulai double 
lefi action piesented by lock ciystal m the diiection of its axis 
may take place namely that the aiiangement of the molecules 
of this ciystal is noi the same apparently fiom light to left and 
fiom left to light so that the luminous beam whose ciicular 
vibiations aie peifoimed fiom light to left puts into play an 
elasticity oi foice of piopagation slijitly diffeiing fiom that ex 
cited by anothci beam whose vibiations aie peifoimed fiom left 
to light 

Such IS the piincipal theoietical advantage which may be clc 
lived fiom the geomctucal considciations we have just given on 
the ciiculai vibiations of li^^ht lesulting fiom the combination 
of icciihncai vibiations But in the calculation of the phaeno 
menu piesented by light polaiizcd icctilmeaily oi ciiculmly 
aftei having tiaveised the mcdii by which it is modified it is 
useless to investigate, loi example, what aie the cunilineai 
vibiations lesulling fiom the icunion of two systems of waves 
on leaving a ciystalhne plate we aie, on the conti uy, obliged 
to decompose into icetilmeni motions the cuculai vibiations of 
the two systiwna of waves emci^uig fiom a plate of lock ciystal 
peipendiculai to its axis, when w( wish to detcimine theintensi 
ties of the ouhnaiy and cxtincndiiiaiy images pioduccd by this 
omcigcnt light acioss a ihomboid of cnlcaieous spai T.he cal 
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culations of the intensities of the oiclinaiy and evtiaoidmaiy 
images, foi a homogeneous light, oi that of the tints developed 
bj pohii/ed white light, nlwajs lead us back to the considua 
lion of lectilmeai vibiations and to the employment of the foi 
mulue of mteifeicncc which icfei to them 

In uiclicating the mechanical cause ot the altogcthei peeulmi 
double lefi action e\eitedby lock ciystal on light in the tliicc 
lion of its a\is, we have waiideied fiom the object of this mcnioii, 
m which we shall ticat solely of the case m which the pai tides 
of the vibiatmg medium have ilicu homologous laces paiallel, 
and thus exhibit the same moleculai aiiangemcnt fiom light to 
left and fiom left to light We hope the icadci will paulon us 
this digicssion on cnculai polaiization, to which wo wcie iiatu 
lally led by what wc had just said on icctilincai polau/alion 
1 1 is, besides, useful to familial izc omsches with these diflcicnt 
modes of luminous vibialions, the whole of which wc hnd in 
the most simple kind of double icfi action, such as that ol nni 
a\al ciyst ils, as soon as wc, instead of sep nating in thought tlic 
ouhnaiy fiom the extiaoidmaiy waves, considci the complex 
elFcel which icsults fiom then simultaneous existence 
Aftci having pi oved that the tiansvcisal dneciion of Iho hi 
minous vibiations is a nccessaiy consequence of the absence of 
the ouhnaiy phomomena of mteileicnce in the lounion of inys 
polinized at light angles, it is neccssaiy to show that this hypo 
thesis established by facts, in the waic system, is not contiaiy 
to the pimciplea of mechanics, and to explain how such vibia 
tiona may be piopagated m an elastic fluid 

Possthiliiy of the pi opagahon of Ti mmei sal Vibiahons in an 
’Elastic Iduid 

An clastic fluid is by all pliiloaophcis conceived ns the assem 
blage of molecules oi mateiial points scpaiaicd by inteivals 
which aie veiy gieat lelatively to the dimensions of tlicso mole 
cules, and kept at a distance by icpulsivc foices which aic lu 
equihbiium witliothei contiaiy foices icsulting fiom the mutual 
atti action of the molecules oi fiom a picssuic excited on the 
fluid This being established, let us, foi the sake of fixing om 
ideas, imagine the legulai auangementof molcculc^i icpicscntcd 
% 2, and considei the case of a plane and indefinite wave 
whose smface is paiallel to the plane piojected in A B If the 
poition of the medium above this plane has uiuleigonc a small 
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displacement pniallcl to the low of lEolcciilcs A M B these mole 
culcs Mill become uigecl on to a simihi motion 
In fact, let us considci one of them in paiiicul u, the molecule 
M foi example, and examine what change has been opciatecl in 
the actions e\ei ted upon 
it by the supciioi poi 
tion of the mecluun 
And, in the fiist place 
I obsci VC that these m ill 
be the same as if it u ei c 
the molecule M which 
had been displaced to 
the same extent and in 
the same dncction the 
supeiioi poition of 
the medium lemaining 
fixed I suppose then 
M to be displaced in 
the diiection AB by a 
small quantity M m 
The molecules L and V foi example situated at equal distances 
fioin M and horn the peipendiculai MG diopped upon AB, 
acted equally on the molecule M in the diieotion MA and in 
the dncction MB befoi its displacement that is to say the 
component of then actions along AB mutually destioyed each 
othci, whilst the components pcniendiculai to AB woic added 
to each othei but wuc counlci balanced by the opposite actions 
of the molecules V and V situated below AB When the ma 
teiial point M is tianspoiled to the components paialltl to 
AB of the two action'^ excited on it by the molecules I and 1 
aie no longci gencially equ il to each othu, and the small 
changes winch they have undei gone, ox then chfrcicntmls, aet m 
the same dncction, and tend to bxnig bxck the point m to its 
oxigmal position M, if this was one of stable cquilibiium 

In fact, icpicscnt by 4> (?) the action excited by a molecule 
situated at a distance (?), such as the molecules 1 and I 1 i1 e 
M as the oxigm of cooidmatcR, and the stiai Jit lines AB and 
MG fox thc^axes of % and fj denote by v and y the coouU 
nates of the point I , those of T will hi y md v Ihc distances 
EM and 1 M ox (?) aic equal to v 6^ + 2/ thexcfoie the 
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foices which act along FM and along EM aie each icpieunted 
by 4> ( Moieovei, the sme of the angle FMB is 

equal to „ and its eoaine to — 7=g==> theicfoie tlictuo 

components ot the foicc acting along FM nit, pavnllcl to 

{ V'^'* Ty®), 01 ^ ij/ (^® + )/*)» and paiallel to 

V d y 


y 'f’ 01 y 4' + Jf "c take foi 

V 1 -T y 

the positive ducction of the foices p iiallcl to the axes of coouh 
nates, that in which each of these two components acts Sum 
Inily, the two componentb of the action cvoitcd by the molecule I* 
aie icspectively — 4? and 3/ 'P I jf) > that is to 

say, tliey only cliffei fiom the foimci m the sign of (^) Now, 
to calculate the small quantities by ulnch these com])onents mo 
alleied m consequence of the displacement of the point M, uc 
must diffcicnlntc then expicssions uiih lespcct to ^ , uc find 
thus, foi the diffeientmls of the components ol the foicc PM, 

paiallel to r [vj/ 4 - H 2 (^^ | j/^)] d 

paiallel to 1/ V j/®) dd 

The expression foi the foicc EM diffeimg only fiom that foi the 
foicc FM by the sign of a, we may obtain at once the vaiiaUons 
of its components by simply changing the sign of d m the tuo 
pieceding expressions, without changing, be it nndei stood, that 
of the small displacement d «?, which lakes jilaoc m iho samo 
direction for both forces Nou, by the mcio inspection of Ihcsu 
formulm, it is seen that the diffeiential of (he component paiallel 
to d will preserve the same sign, and will theicfoie be added to 
that of the foi ce FM, whilst the diffeiontial of the compomiit 
parallel to y will be subtiacted fiom the coiicsponding vaiiationi 
of the othei foice, and will destioy it Theie xcsuUs, theicbic, 
ftom the small displacement of the point M along A 13 , a loico 
paiallel to the same line, and which tends to bung back tliiB 
point towards its position of equilibnum 

Theiefoie it, the point M icmaining fixed, the supciioi poilioit 
of the medium be slightly di’^placcd paiallel to AB (which cornea 
to the same thing), the point M will be pushed ir the diieclioix 
AB, as well as all the othei molecules of this layei, which w ill 
therefore be uiged tlnoughoutits whole extent to slide along \Ih 
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o^\n plane AB By the displacement of this hyci the same 
effect ^mU be pioduccd successively on the panllel layeis A^B^, 
&c and in this mannei the tuinsvasal vibmtions of the 
incident Bave may be tiansmitted thioughout the whole extent 
of the medium 

Ihe foice \^hich iiiges the point M dong AB, in consequence 
of the displacement of the layci E and of the supenoi layeis 
sliding in then own planes is ownig to this tint then mateual 
elements aie not contiguous i( they weic each point M of the 
layci AB would leinain indiffeicnt to a simple sliding of the 
supenoi layeis, which in that case would pioducc no alteialion 
m the action excited by them on tins point But if the dis 
placement of these layeia took place m the pcipondiculai duec 
tion &M, it is cleai that the contiguity of the elements of each 
of them would not pi event the foicc with winch they tend to 
lepulse each point of AB fiom incicasmg m piopoitioii as the 
distance diminished, so that on this supposition, the lesistance 
opposed by the layeis to then appioximation would be infinitely 
gicatei than the foicc neccssaiy to give a sliding motion to an 
indefinite layei Without pi ocecding to this limit, which doubt 
less docs not exist in natuie, wc may suppose that the icsibtance 
of the mthex to compiession is much gieaiei tlian ihe foicc op 
posed by it to the small displacements of these laj cis along then 
own planes now, by help of this hypothesis it is possible to 
conceive how the molecules of (ethei may ha\c no sensible oscil 
laiions except in a diiection paiallel to the suiface of ihe lumi 
nous waves 

How tl may luvppm that the Molecules of Jhthe) do not %indeiyo 

any stnsibh agitation in ihe dilution of the Noimal to the 

Wave 

The lesialancc to compiession being in fact much gioatei tlian 
the othei clastic foicc pul in play by the simple sliding of the 
layeis, the wave pioduccd by the loimci will extend itself much 
fuilhci than that which lesuHs fiom the second, duimg the same 
oscillation of the illuminating pai tide by the vibiations of winch 
the mthci is agitated , thus, even if the small movements of the 
moletules of^this fluid wcio peifoimcd in siidi a maimci that 
then viics vim wcic cqimllv distiibutcd between the two modes 
of vibiation, the vnes vtvee compiised in the wave of condensa 
tion 01 dilatation being chstubuted ovci a much gicatei extent 
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of fluid thiiii Ihoso of the othci wave^ the oscillations parallel to 
the rays would have much less amplitude than those peipcu- 
diculuv to them, and consequently could only impicss on the 
optic neive much amallci vibiations^ foi the amphtuclo of its* 
vibrations cannot exceed that of the vihidiions of the eethei n\ 
vluch it IS plunged {(jui le bat/pie)* Now it is natiual to sup- 
pose that the intensity ot the sensation depends on the amphtiulc 
of the vibiations of the optic ncivc, and that Urns ilio sensation 
of light lesulting fiom vibiations noimal to the ^\aves will be 
sensibly nothing compared to that pioduccd by the vibrations 
parallel to then surface. 

Moicovci, it will be conceived that dining the oscillation of 
the illuminating molecule, the cqmlibuum of tension us restoicd 
so rajudly bctu eeii that poi tion of the icthcr which il appi caches 
and that wliidi it icocdcs fiom, that ihero is no sensible con- 
donaaiiou or dilatation , and that the diaplaocmcnt of the ralhciml 
inolcculcH winch siuioimd it is reduced to an oscillatory ciicular 
movemeui, which bears them on the sphoiical surface of the wave 
fiom the point which the illuminating molecule appioachea 
to^^auls thai horn Mluch it icccdcs. 

I think 1 have suflincntly piovcd that there is no mcchamcal 
absurdity in the definition of luminous viliiations which the pm- 
pcilica of polavi/.ed rays have compelled me to adojit, and winch 
has led me to the discovery of the true laws of double refraction 
If the equations of motion of fluids imagined by geometois aie 
not reconcilable with this hypothesis, it is because ilicy me 
founded on a matliQinaiieal absiiaction, the conligiuly of llio 
elcinGiits, which, without being tiuc, may nevcrthelcas rcpiescnt 
a part of the mechanical properties of elastic fluids, when it is 
ndmitlccl besides that these contiguous elements are comprcsaibic. 
But fiom this veiy circumstance, that sueh is not the loahty and 
moiely a puio absti action, ^^c ought not to evpcct to find in it 
all the kinds of vibration of winch clastic fluids arc susceptible, 
and all tlieir mechanical piopcitics ; thus, for example, aecordiiig 
to the equations of which wc speak, there would he no ftiction 
bclv ecn two indefinite layers of fluid which slide one on the 
oilier. It would then be but little philosophical to i eject an 
hyjiothesis to which the phomomena of optics so gatuially lead, 
foi no other icason than because it docs not agree with these 
equations. 
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How 'liansve^sal Vihiaiions me entinguished at the evtiemity 
of the Waves 

Ilitlieito ^^e have only considexed indefinite wives let us 
suppose them limited, and examine what happens at then ex 
ticmities admitting the cothci to be sensibly mcompiessible 
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I suppose that a pai t 
ofthe \vi\e AE (fig 3) 
has been aiieatcd by a 
sciecn EC, let M be 
a point situated behind 
the scieen at a di 
stance veiy gieai lela 
tive to the length of an 
undulation Ilowevei 
small may be the sen 
sible magnitude of the 
ingle r E M which the 
stiaight lineEMmal es 
with the diiect i ay ET, 
the light sent to M will be veiy little is we know by expeiience 
ind as may be easily concluded fiom the theoiy of diffnction 
If thciefoie the ingle T, E M is lathei liit,e, the point M will 
be neaily itiest, whilst the point T. and all the lest of the wave 
S T will undeigo sensible oscillations along the plane STM It 
would seem tint theic ought to lesult fiom this alteinate con 
dcnsations and dilatations of the ccthex between T and M , but 
icmaik, m the fiisi place, that at the same instant when the face 
(ce) of the small paiallelopijied edefm pushed tow aids M by 
the semi undulation w hose middle coiiosponds to S T, the homo 
logons faces ck^eg of the tw o contiguous paiallelopipcds move off 
fiom M by tlic contiaiy movements of the two scmi undula 
tions whose middle points coiiespond to the lines iS^, sH^ ^ so 
that whilst the volume of c e/ diminishes, those of the two 
similai paiallelopipcds between winch it is situated inciease by 
the same quantity, and so on in succession in the duection kg 
If then the Totlici stion^^ly icsists compiession, it is possible that 
the cquilibiium of tension may continually ic establish itself, and 
almost instantaneously, between the neighbonnng elements 
paiallel to gk Moieovci, the pointswhich icmam atiest during 
the oscillations of the exticmities of the waves, aic sufficiently 
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distant fi om ET to c \usc the molecuhi displace me nts occasioi 
lhc3C oscillations to dimmish veiy slowly up to the po 
winch may be legauled as immovable ^ so that the condensati 
'ind dilatations of the consecutive stiala will be almost insensi 
even if the cqiulibuum of piessuie wcie not lapidlj nstc 
liom one stiatum to anothci 


y-yemomt) aiion ofiioo StaUcal Theoiemsy on xohich depends 
mechamcal ixplanaiton of Double Etjuiclzon 

Aftci having deduced fioin facts the hypothesis which I 1 
adopted on the natuie of luminous vibiations, and having pi( 
that it IS not continiy to the pimciples of mechanics, I ^ 
la on demonstiato two thcoiems belonging to geueinl statics 
wliieli depends the thcoictieal explanation oi the mathema 
lavs of double lefi action 




Fix si (heoiom 

In any system of molecules m cquihbiium, and vhatevci 
br the liw of then iccipiocal actions, the minute displicci 
of a moleciilo^ m any dneelion uhatcvci, pioduces aiepu 
foicc equal m magnitude and dncction to the lesuUant ol 1 
lepulsivc loi CCS which uoukl bo scpniately produced by 1 
icctangulai displacements of this miteiiul point equal t( 
statical components of the fiist displacement 

Let M (hg 4 ) be one of the matmial points of the mole 
system, when the equihbuum (omes to b( 
tuibcd by the small displacement M C o 
molecule M, the icsuliant of all the loiccs ex 
upon it; which befoie\Ya8 equal lo zcio^ ucc 
a ccitain value to calculate it, it is sufllcie 
deteimme the vuuations which iheso foice \ 
undeigone in magnitude and dueetion, a 
find the losultaut of all these diffeicntmls 
the next phec, then, I considei the pait 
action of any othei molecule N on the 
M winch has been displaced thiough M C, which 1 su 
veiy small iclative to the distance M N which scpaiatcs tl 
molecules On M N I diaw the pcipeudiculai M S m the 
CMN, if ON be joined, CP will be the small quant] 
which the distance MN has incieased, oi the difleicnlial 
MP 

distance, and will be the sine of the small angle by 
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the dncction of the ioice has vaucd If thuefoie we refci the 
foice and the new one to two lectanj^uhi diiections^ M R 
and MS, the ditfeicninl in the dueciiou MR will only arise 
fioni the small inciease G P of the distance and will ])e piopoi 
tional to CP whilst the diffeicntial in the diicction hi S will 
icsnlt solely fiom the smill change of diiection of the foice and 
M P 

will be piopoi Lional to simply to M P, the distance M N 

icmaimng the same thus the fiist difFeiential maybe lepie 
senttd by A X C P, and the second by B x M P, A and B being 
two faciois which icmain constant so fai as the action exeitcd 
by the same molecule N is conceincd 

Let us conaidcr as yet only the paiticulai action of this mole 
cule, and suppose M to be displaced successively in thiee lec 
taugulai ducctions and by quantities equal to the piojections of 
MG on these tluee diicctions iliiough the point M diaw a 
plane pcipcnchculai to MN, which will cut tint of the figuie, 
that IS the plane N M C, m the stiaight line M S The dis 
placement M C has pioduced the two difteiential foices A x C P 
and B xMP the foimci in the diiection MR and the second 
in the diiection MS The displacements on the thiec icctan 
gulai dncctions situated any how m space will hi ewise pioduce 
each a diflcicxitial foicc paialltl to MR, with anothei foice pei 
pendiLului to Ihib line, and compiiscd ilso m the noimal pi me 
MS diawn thiough the point M the foimei will be obtained 
by multiplying by the same codhcicnt A the distance of the 
new position of the molecule fiom the noimal plane, and the 
second by multiplying by the same coefficient B the distance of 
M horn the fool of the iieipcndiculai diopped fiom this new 
position on the noimal piano Next lei us find the lesultant of 
tlncc diflcicntial foiccs paiallcl to MR which have the same 
cocflicienl A, mid ilu icsultant of ilucc diffeiential foices con 
tamed in the noimal plane which have B foi then common cocf 
hcicnt Ihe cUsplacemcuts in question being the piojections of 
the displacemLni M C on the thice lectangulai dncctions which 
have been chosen, the sum of then piojections on the diiection 
M R must be equal to CP, and consequently the lesultant of 
ilu tlncc difKicniial foiccs paiallcl to MR will be equal to 
A X CP that IS to the foice pioduced by ihe displacement 
M C in this clnccUon It is easy to sec in the same way that 
the icsultant of the tlncc diffeiential foiccs compiised m the 
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noimal phne is equal to B x M P In fact, they aie c\pies 8 ccl 
by the same coefficient B multiplied by the piojecliona of the 
thiGL icclanguhi displacements on this phne, hence, to find 
then iGsultant consists in finding the statical icsultant of these 
tluce piojections considoied as lepicsentmg foiccs Now, in 
this point of vle^A, the thiee lectangulai displacements aic the 
statical components of the disphcement M C, and consequently 
then piojections on the noimal plane MS the statical compo 
iienta of M P, ^\hlch is tlieiefoie then lesultant , so that the le 
sultani of the tin ce diffeiential foiccs contained m the noimal 
plane is diiected along M P, and lepiescntccl by B x M P, that 
IS it 18 equal in magnitude and m diiection to the tlifTciential 
loice aiising lioin the disphcement M C compused in the same 
noimal phne 

Iheicfoic, finally, wc find the molecule M luged by the same 
diflbiential foices, uhethex wo make it nndcigo the small dis 
placement M C, oi, supposing it successively displaced in thieo 
lectanguhi diiections and by quantities equal to the statical coin 
ponents of M C m these diiections, wo find the icsultnnt of llic 
foices pioduced by these tluce lectangulni displacements 

This piinciple, being tiuc foi the action excited by the mole 
cule N, IS equally so foi the actions excited by nil the othoi 
molecules of the medium on M, so that wo may lightly pio- 
nounce that the icsultant of all the small foicca aiising fiom the 
displacement M C, oi the total action of the medium on the mo 
Iccule M aftei its displacement, is equal to the icsultant of the 
foiccs which would be scpaiatcly pioduced by thice lectangulai 
displacements equal to the statical components of the displacL-^ 
ment M C 

Second Theoi em 

In any system wlnievei of molecules oi mateual points m 
equilibiium, theic exist always foi each of them tluce lectan 
gulai diiections, along winch evciy small displacement of this 
point, by slightly changing the foices to which it is subject, pio- 
duces a total icsultant whose duection coincides with the line of 
displacement itself 

To demonstiate this tlieoiem, in the fiist place I lofer the 
vaiious diiections of the small displacements of the molecule to 
tluee lectangulni axes, aibitrorily chosen, as axes of (Gy s! I 
suppose that the molecule is displaced successively along these 
thiee directions by the same small quantity, which I take as the 
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unity of these diffeiential clispHccments I call a^b c the thiee 
components along these axes of the foice excited by the displace 
ment paxallel to the axis of vl U d the thiec components ot 
the foice excited by the displacement paiallel to y and lastly, 
the components of the foxcc excited by the displacement 
paiallel to z 

To obtain the foicc ^\htch lesulls fiom a small displacement 
equal to unity, along any othei ducctioii whatevci mal mg angles 
X, Y, 7 with the axes of a?, y Zy we must fiist, m arcoi dance 
with the pieceding theoiem, take on these axes the statical com 
ponents of the displacement which will be icspectively cos \, 
cos Y, cos Z, and deteimine the foiccs sepaiately pxoduced 
by each of these displacements then calculate the lesuUant of 
all these foicea 

Now to obtain the components of the foice pxoduced by the 
displacement along the axis of equal to cos X, we must mill 
tiply successively cos X by the coefficients a, i, c since they 
lepiescnt the components of the foice exciied by a displacement 
equal to unity, and because, as we aie lieie consideung only 
veiy small vamtions the foices developed aie propoitional to 
the lengths of these diffeientnl displacements so that the com 
ponents of the foice lesulting flora the displacement cos X aie 

paiallel to od y z 

a cos X, b cos X, c cos X 

Similaily, the components of the foicc pioduced by the displace 
ment cos Y along the axis of y aic 

paiallel to a, y z 

a! cosY, d cosY, d cosY 

And the components of the foicc excited by the displacement 
cos Z, which takes place along the axis of ;>*, aie 

paiallel to z y z 

cosZ, cos/, c" cos/ 

Adding togeUiei those components whose diiections aic along 
the same axis, we have foi the total components 

paiallel to ^ a cos X | ci cosY + cos Z 

paiallel to 4 / 5 cos X h d cos Y 4 ' // cos Z 

paiallel to c cos X h cos Y + d^ cosZ 

Thnse components detoimme the magnitude and dncciion of the 
total lesullant 
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It might at first sight be thought that the nine 
C) V g\ a!^ arc independent^ but it is easy to poi’oeivo 
that there exists amongst them a lelation which reduces their 
number to six» 

In fact, let kijyKz (fig* 5 *) be the thiee rectnngalt^^* 
along winch the molecule A is successively displaced by" sni voiy 
small quantity equal to unity 5 let A P be the duection on hHc ])ro- 
longation of which is situated another material point which 
acts on A, and which I always suppose separated fiom tlxiB 
by a quantity veiy great iclative to the extent of the cliBiJlaco- 
menis* 




Let 118 filst auppoBC tlml it la diaplnccd along the axH ol* 
a quantity A B equal to unity 5 thia small displacement will omiso 
to vary at the same limo the direction and tlie intensity 
force exerted by the point M by bringing’ the othci 111010011111 
nearer; if from the point B the peipenchcular B Gl be clx^oi'iu'd 



on the direction A P M, A CS- xvill bo 
the variation of the chstauoo# and 
B Q. may be considciocl as propor- 
' tioiml to the vaiiation of tlio clLieo- 
tioii. The former vaiiation. will 
^ piodiice a differential force A- x A 
along the direction A PM, iintl lh<‘ 
second a difFeicntial force li x B (I 
in the direction BQ, the cocflicMonls 
A and B remaining constant ho long 
as MG consider the action exerted 
by the same molecule M. 


To fix the direction in which these diffcicntial forces imsli llio 
point A, suppose the molecule M to cxeit a repulsive ncLiou on 
this point. Tlie distance A M being diminished by A Cij tliin 
action is increased, and the diffeicnlial A x A Q, acts in Lho 


diicotionMA; in the same mannci the differential B x B U, 
resulting horn the small change of direction of the forcc^ arts in 
the diicction CIB, If then we icgaid as positive the directions 
of action A.v, Ay, Lz for forces parallel to the axes of cooulL- 


nales, the component parallel to .1? of this second dilTbi'cntinl 
will bo negative, whilst the components parallel to y and sx will 
he positive, as well as the three icclangular components of lho 
first differential. 


Let us now seek foi the components of the two diflbroiitml 
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foices, and fiist those of the toxmei A x A Q If \\g lepieaent 
by X YyZ the angles made by the stxai^ht line AP M \Mth the 
axes of y and AB bcin^^ equal to umly by hjpotheBia, 
AQ. = cos X xnd the diflucnUal foxcc in the duection AM is 
icpicscnted by A cos X its components thciefoic me 

pai illel to 'i? y 

A cos X ^ A cosXeosY, A cos \ cos Z 

Let us now hnd what aie the components of the second diffei 
cntial foice B X B Q, acting along BQ, Since AB = unity 
BGl=: amX , and this foicc is lepiesented by B sm X I 
decompose it in the fiist place into two otheis in the diiections^ 
one of BA and the othci of B pcipendiculai to BA the 
hist component winch is paiallcl to the axis of is equal to 
B sm X X cos A B Qj 01 — B sm^ X, and the second 1ms foi 
its value B sju X X sin AB oi B sin \ cos \ I lesolvc 
this second component into two othci forces in the diicctions 
E B and PB, that is paiallcl to the axes oiy and the fiist 

B E 

will be equal to B sm X cos X x jj-p and the second to 


B sm \ cos X X 


BP 

BP 


but 


BE 

BP 


cosY 
sin V 


B P _ cos / 
BP 


hence the values of the components pauillel to y and ^ become 
icspectucly B cos X cos Y mid B cos \ cos Z We h we then 
foi the thiee components of the second diffci cntial foice, 

paiallcl to ^ 2/ ^ 

— B sm X B cos X cos Tl B cos X cos Z 

Adding togcthei the paiallcl components ot the two difFci cntial 
foices^ we find foi the total components 

paiallel to a? y z 

Acos^X—Bsiu^Xj (A 1 B)cosXco8Y (Ah B)gos\co8Z 
If wc now suppose the inateiial point A to be displaced along 
the axis of y by a quantity equal to uiuty^ wc shall hnd m the 
same mamici the 1 olio wing components, 

pai illcl to y CO 

A cos Y^BsinW, (A hB)cosX cosY, (A 1 B)eosY cosZ 
And foi asimilai displacement along the axis of we should have 


[lIiLi IS ovuknlb a imspunt of I foi M m llio ouginul in tins pagi — 

ln\Ns ] 
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parallel to * , ^ cc y 

Acos^Z— BtSm^Z, (A+B)cosX,cosZj {Ah-B)cosY.cosZ» 

The simple inspection of the components of the difteiential t 

forces excited by these three small displacements, shows that the' 
displacement parallel to gives in the dnection of the axis of y 
the same component as the displacement parallel to y pi o duces f 

in the direction of the axis of a?, and gives in the dnection of 
the axis of g the same component as the displacement parallel 
to produces m the dnection and lastly, that the com- ' 

ponent paiallcl to is of the foioe excited by the displacement 
along the axis of y is equal to the component parallel to y of the 
foice excited by the displacemeni along the axis of that is to 
say, generally, ihe component parallel to one axis p)'^oduGe(l by 
the displacemeni along one of the two others is equal to that which 
lesulls parallel to this latter from a similar displacement parallel 
to the former axis. 

This theoiem being demonstrated for ihe individual action of 
each molecule M on the point A, is consequently proved also for 
the lesultant of the actions exerted by all the molecules ol a me- 
dium on the same material point; hence there exists always 
between the nine constants ft, c, a\ ft', c', a", ft", e" the three 
following iclations : — 

ft = a', c'^ft"; 

which reduces the number of aibiirary constants to six* 

We may then in general represent as follows the components 
of the tlnee forces resulting fiom tliiec small displacements 
equal to unity, and operated successively along the axes of a?, y 
and z • — 

For the displacement along the axis of a?, — 

Components «, hy g, 

Paiallel to 

For the displacement along the axis of y, — 

Components A,/. 

Paiallel to y^x^z. 

For the displacement along the axis of z^— 

Components c^g^f* 

Parallel to ^>x,y, ^ 

Thus the three components of a similar displacement in any 
direction whatever, making with the axes of a?, y and angles 

I respectively equal to X, Y, Z, will be — 

f 

1 
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Pniallel to v a cos X + A cos Y 4 - // cos Z = 

Paiullel to 2/ i cos Y + h cos X |- / cos Z 

Paiallelto^ c cos Z+// cosX+y cosYss^ 

I now piocecd to shoB that tlicie exists always a duectionfoi 

which the lesultant of these thitc coniponcnts coincides with 
this veiy duection of the displacement itself, that is to say, that 
real values may be given to the angles X, Y, 7 such that the 
lesultant of the thiee components shall make with the axes of 
y and angles lespectively equal to X, Y and Z , 01, m othei 
tcims, such that these thice components shall be to one anothei 
in the same latio as the quantities cos X> cos Y, cos Z 

To find the duection winch satisfies tins condition, I shall 
substitute foi the thiec unknown quantities cos X, cos Y, cosZ 
(winch aic reduced to two by the equation 

1 =; cos® X h cos® Y ^ cos® Z) 

the tangents of the angles which the projections of the stiaight 

Ime on the planes ^ z and y z make with the axis of z^ in older 

to be able to decide as to the leality of the angles fiom that of 

the values of the tiigonometiical lines given by the calcuhtion 

I et then % mz and y ^ 71 ho the equations of the stiaight 

, , cosX cosY ii 1 

line w e have m = jys n ^ t*, now the tluee above com 

cos cos Z 

ponents which I shall lepiesent by q and ^ j must he to one 
anoihci m the same latio as the quantities cos X, cos Y, cos Z, 
in oulci to satisfy the condition just mentioned 

We have ihcicfoic - =: 7 = m - = y ^ n, 01, put 

7 cosZ 1 cosZ ^ 

ting foi Pj (/, 1 then values, 


m =2 


a cos X + A oosY hff cos 7 _ 
c"c^ /j \ g coH X+/ cos Y ^ 


coaX , , cosY , 

HA 7 + 

cosZ ^ 


cos/ 

cosJT 




cosZ 


-f/ 


cosY 

cosZ 


And 


cosY 


71 ^ 


cosX 

b oosY hA coaX-H/ coa 7 cos Z * cos Z 
c cos 


4 A 


H / 


Z+z? cos\ ly cosY ^ C03X 


cosZ 


+/ 


COB Y 
COS Z 


Oi lastly, 


m ^ 


a 7)1 i An I (j 
6 [ (jm H Jn 


(0 
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hn ’f- A m / 
g'in, ^fn ‘ 


From equation (2.) we get 


( 2 *) 


substituting this value of m in equation (1,), unci getting licl 
of the clenominatoi s, we have 


g [-/.wH {6-c)»+/]2+/»(//«-/i) H- {h—c) n -|-/l H- 

[—/»* +(/>'— c)n+/] —hn{gn~lif—g{gti—ICf=i}, 


Tins equation in (n), which unclci this form appeals of the 
fomth dogiee, falls to the thiul on effecting the inuUiphcatioim, 
because then the tuo terms containing mutnally clostioy 
each othci , hence wc aic sure that it has at least one real loot, 
Theie is theiefoie always one leal value of and eunseqnonlly 
one real value of (??^)* Consequently theie Is always at h'ust mu‘ 
straight line which satisfies the condition that a small displaco- 
ment of a material point along this ati night line gives rise to a 
lepulsive force — thcgeneial icsultant of the molecular act ions — 
the diiection of which coincides with tluit of the displac(‘inenl, 
To those dll ections which possess this property wc give tlie 
name of Awes of Elashciiy. 

Proceeding fiom this result^ li is easy to prove that there aic 
still two other axes of elasticity pci pcndicular to one another and 
to the formei. In fact^ take this last-mentioned one for axis of 
the components paiallel to y aiid^^ produced by a displao(‘. 
ment in the diiection of the axis will bo notlnng ; ho that ive 
shall have ^ s= 0^ A = 0^ and the equations (X*) and (2,) bocoiut' 

m{o^a^fn) = 0 , 
and 


Tlie former equation gives == 0 j and the bccoucI gives for (m) 
two values winch aie always rcal^ the last term (-1) being n 
negative quantity. Hence we see that besides the jjixis of * there 
me two othei axes of elasticity j they aic perpendicular to lire 
axis of a’, since foi both one and the other in = 0, that is to say 
theii pi ejections on the plane a- « comcide with tlic axis of^-, 
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they aie moieovei papencliculai to each othci^ foi the pioduct 
ot the two values of (n) when multiplied hj ciu h oihci is equal 
to the last tcim (— ]) of the second equation Ihoefo^t Uiut 
oust always th ee ? eUangidai a us of dasliciiyfoi eve) y mata lal 
point tn any molccnUi) vjster)i xvhaitvuy and wiiaiiva may ht the 
laiuH a)ul the natuic of the actions winch thtse malm ml poinh 
exeit on each othu 

If we suppose that m a homogeneous medium tlic cone 
apondm^ ficcs of the pni ticks oi the homologous lines of the 
moleculai gioups aic all paiallel to each oUiei, tlie tluee axes of 
elasticity foi each mateiial point will have the same dueetiou 
thioughout the whole extent of the medium llus is the most 
simple case of a legulai uiiangement of moUeuksj and tluit 
which seemingly should bo always exhibited by ciyslallu( d sub 
stances accoidmg to the idea one founs ot icguhu ciystaUi/utioii , 
novel thcless the needles of loclc ciystal piescnt optical pint no 
menu which show that tins condition of pai illchsm of homolo 
tjOiis hues IS not always iigoiously fuHillod by it It la in fact 
conceivable that tlieic may be without this eondiUon many dif 
fcieni soils of icgiilai aiiangemcnls, but as yet I have sought 
only the mathomutioal laws of double icfi action on the siqipo 
sition that the axes of clastieiiy have the sum due< lion tlnoiigh 
out the w hole extent of the vibi ating me diiun and eonsc qm ntlj 
shill confine myself to the ronsuh lation of Ihis pmlKulm (ase, 
Uic most biinplt of allj and wlmli appeals to be that of the 
gicatei numbci of <iyslalli/ed subslam cs, (oi an jeliocl (ly 
slal iSj I believcj the only 1 nown exception lo this udi 

Apphcalfon of the pi erednu/ Ihunms lo Uk (omph% (hspUm 

muU of tilt Vihatmy Voluidt^ lokiUt (ondUaits T imvionH 

lVavc<i 

Ilithcilo we Iuv( only eonsidcud tin diHpla(( incut of a mal< 
ual point, supposing all tin oUui moheuks nnmuvuble, we 
have bien allowed to suppose, without ulUiin^ tlu piobkm in 
any way, that it is the imdium which disphucH Urn U and the 
matcii il point alone which u mains Iiv( d But tlu u Intiv e di i 
placements of the mokddes in winch lonsmt the vibiations of 
luminous wa'^s aie nioie eoinpUx Id ns (ust coimuloi the 
most simple ease, that of an nuk finite plane wav( All the mole 
culcs eompused in Ihc same plane paialkl to the suiface of the 
wave, have Knmiiied in the Baine posiliouH ulalive to each othoi, 
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but they have been displaced lelative to the rest oi the vibrating 
medium^ oi if you like, it is this medium whicli has been dis- 
placed lelative to them, but not by the same quantity for tlic 
different strata or layeis of molecules^ the neighbouring^ stratum 
IS the least displaced, and the molecules of tlic succeeding sLiata 
aie found so much the moie displaced from their jiositions cor- 
responding to those of the molecules comprised in the first plane, 
as they are fmther off from it* If wc considci all the moleculcB 
which were originally situated on the same straight line por|mn- 
diculai to this plane oi to the surface of the wave, lliey will bo 
found tianspoited, in consequence of the vibratory movemeut, 
^oxi^ ^UinusQulaV^ curve on one side and the other of thia 
perpendiculai, which will be the axis of the curve j its ordinatea 
paiallel to the wave, that is to say the small displacenienls of 
the molecules, will be propoitional to the sines of tbo correspond- 
ing abscissae; such at least will be the naiinc of this curve in nil 
cases wheie the illuminating paiticlc which hns puiducod the 
waves, having been slightly displaced from its position of equili- 
brium, IS bi ought back to it by a force proiiortionnl to the disn 
placement Confining ourselves then to tlic hypothesis of small 
movements, we may represent the absoluto velocity u hicli mu- 
mates an oethcrml molecule after a time {t) by the formula 


w = « . sin 2 TT 



, in which («) icpicseutH this vclocily, (rr) 


a constant coefficient which depends on the energy of the vibra- 
tions, (2 7r) the circumference to radius unity, (^v) the distance ol’ 
the molecule fiom the luminous point, (X) the length of an un- 
dulation, and {t) the time elapsed since the oiigin of the motion* 
If we suppose that these plane and indefinite waves arc totally 
leflected at a plane parallel to their surface, that is to say that 
on this plane the asthcrial molecules are restrained to remain 
completely immovable, then the icflcctcd uavos will have the 
same intensity as the incident waves, to whicli they will more- 
ovei be paiallel; so that the same coefficient {a) must be mu- 
ployed in expressing the absolute velocities caused by these 
waves in the letherml molecules* Calling (^) the distance of tbo 
direct wave from the leflecting plane, and (c) the constant 
distance of this plane from the source of movomxjut, the space 
desciibed by the direct wave is (c - ^), and the space dcHcribed 
by the leflected wave which comes to meet it is (o .p ^). Hence 
the velocities, bioiight m the same time and to the same point 
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of the icthci by the diiecL and the leflectecl \M\ves^ aie lespectively 

equal to a sin ^ to — « 

^his second expiessioii has neccasaiily the ncj^ativc sign^ since 
the fietheiml molecules lemamnig immovable against the icflcct 
mg plane, the luminous vibiations idso change then sign by ic 
flexion Consequently the absolute velocity lesiilLing fiom the 
supei position of the cln cct unci leflectod u avc is at the instant (/) 

« [,m2» (/ - £ H £) „ sm 2. 
which expicssion may be put uiulci the foiin 
2 a sin 2 ir cos 2’ir 


Such IS the gencial cxpieasion of the absolute velocity which 
animates at the instant (^) an ccthcml molecule situated at a 
distance (^) fiom the leflecting plane It teaches us, in the fiist 
place, that at ceitain distancos fiom this plane, foi i\hich 

siniTT^-^ =0, the mthciml molecules icmam constantly at 


icst, now sin 2 


*(i) 


becomes nothing when = 0, 01 a whole 


numbci of times - X , hence the nodal planes, that is the planes 

of lest, aic sepaiated fiom each othei and fiom the leflecting 

snifacc by intei vals equal to ^X On the contiaiy, the bcllyings, 

that IS the points uhcic the vibiations have the gioalcsl ampli 
tude, have mtci mediate positions and at cq\ial distances fiom the 

nodal planes m fact, sin27r attains its maximum when 

IS equal to an uneven immbei of times i x 

Tlhe above foimula may bo used also to lepiesciit the mo 
Icculai displaecmeuis by moiely changing (^) into [t 90^), 01 


into sm 2 1 


it becomes then 


)s2 7r ('-0 into sm 2 TT , it becomes then 

7 / =5: 2 6 Bin 2ir sm 27r — 0 

If (y) be taken as the oidinatc coiiesponding to the abscissa {z)) 
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we see that the curve repicsentccl by this equation always ciUh 
the axis of (; 2 r) m the same points for every instant (/)j that tlie«o 
aie the points foi which 

1 . 3 , 


z — 0^ z — ^ z ' 




The gieatest displacements of the molecules, oi the greatest values 
of?/, conespotid, on the contiaiy, to the values of xr, which coni am 

an uneven numbei of times, Considciing now the clumgea 

uiideigone by the cm vc fiom one moment to another, consequent 
on the diflferent values of we sec that the ordinates always ])ie- 
scive the same piopoition to each oilier as in the oscillaiunis of 
a vibiating coid, and the picccding loimula shows that tlio vc* 
locities which annnatc the molecules at each instant follo^v also 
the same law as those of the elements of a vibiatuig coid AVc 


may theiefoie assimilate each poitiou of the medium comjiuscd 
between two consecutive nodal planes to an assemblage of vibi a*- 
ting colds peipendiciilai to these planes, and attacliod to the in 
by their extiemities; the tension of these couls would pioduco 
the same effect as the elasticity of the medium, since like this 
latter it would incessantly tend to restore the straight hues which 
had become emved by the small displacements of the molecules 
peipendicular to these lines, and that witli a force pioportional 
to the angle of contingcncc* Ilcnce, since the chiecUon of tJio 
oscillatoiy movements, their law and that of the accclciating 
forces, aie the same m the two cases, the lulcs whicli apply to 
the one necessanly apply to the other. Now, we know tlmt in 
Older for a coid to execute always its vibiations in the saino 
time, when its tension varies it is ncccssaiy that its length in- 
crease piopoitionally to the square loot of its tension j thei cloro 
the length of the same luminous waves (which must icmaiii iso- 
cluonous in all mediums which they tiavcise) is pioportional to 
the square loot of the elasticity which uiges the molecules ol llic 
vibiating medium parallel to then surface^ hence the velocity 
of piopagation of these waves, 7neasmed io 

tJieir su7face^ is pioportional to the square root of this sumo 
elasticity* 

Without iccuiung to the known laws of the ^^oscillations of 
vibiating cords, it is easy to demonstrate duectly, by geometneiil 
considerations, the punciple just announced. 

Let ABC (fig. 6) be the curve foimed by a row of molecules 
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of the vibiatiiig medium, which ueie oiiynnlly situated ou the 
stnight hne ADC, this cuive may be lepieaentecl, us ue have 
seen, by the equation 

y—^b sin27r^^^ 8in27r 

winch becomes y ^2 b sm 2 9r ^ ^\hen the raolccules aiiive at 

ilie limit of then oscillation, at this moment then velocity is 
nothing and we may considei it as the oiigin of motion foi the 
ensuing oscilhtion nhich must lesult fiom the acceleiating 


foices lending to bun^^ Pjg q 

back the molecules into j 

then lolativc positions 

of cquilibmuTi Let m 

and be tno matuial jj 

points veiy neai to and a 

equally distant fiom the “7^ 7 p 1 n 

molecule M, denote by 

dii the constant length 

of the intci val^jP 01 IV^ 

Lompused betn ceu i \\ o consecutive oiclmatcs 1 he diffuence be 
tneen the oiduiatca W P and is the quantity by ^^hlcU the 
point M IS displaced fiom its piinulivc position relatively to the 
molecules ( onipiisod in the plane diawn thiougli m'peipendicu 
laily to the axis AC of the ciuvc, hence the acceleiatmg foice 
excited on M by this siiatum of the medium m consequence of 
this displacement, la piopoi tional to —M' P If w c conaidei 

the molecuk s eompi iscd in the plane passing tin ough the point m 
and ])Cipoiuliculai to A C, then action on M lesultmg fiom their 
1 dative displacement will also be iiopoiiional to the extent of 
this dis))lueement M P — inji but v ill act in the contiaiy diico 
tiou to that ol the othu acccleialmg foice, so that thciesulting 
action of these two equidistant stinta ou the molecule M uill bo 
pi opoi tional to the diflcicnce of the tuoidative displacements, 
01 to it the distance Mjr oi M// is vciy small 'vuth regmd 
to the length of an undulation* 

* In tljo notfl on the diBpoisun (flight plnc(jcl at tho end of the first pait of 
thiH incmou I hjvo cKammcil the ineumuicnl consequences ^diiol result iVom 
llio supposition that tho iniUual action of tho mol cules one on the othoi extern Is 
to HonBimo distances lelativo to tho length of an undulation foi tho pieseiit I 
conhno mysoU hoio to tho moio simple caso ticatcd by geometers who havo 
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On differentiating twice the value of yy we find 



Hence the acceleiatmg forces, and consequently the velocities 
impiessed at each point of the curve A B C, at the instant wliou 
the oscillation lecommences, are piopoitional to tho correspond- 
ing oidinates, theiefoie the small spaces described during the 
fiist instant will also be in the same latio and will not tiltci the 
natiue of the cmve; hence, after the first instant dl tho new 
acceleiatmg foices will still be jnopovtional to the conesponding 
oidinates, and since the acquired velocities arc so likewise, the 
spaces desciibed dming the second instant will still preaevve 
amongst each othei the same latio. The same will hold tuie 
after the thud, fouith instant, &c. Consequently all the points 
of the curve AM C will aiiive nt tho straight line ADC toge- 
ther, fiom which they mil aftcruauh deviate by quantities equal 
to those of their piimitive deviation, to rc-commencc afterwards 
an oscillation in the contrary diicction. We see tliat the law of 
these vibiations will be similar to that of the small oscillations 
of a pendulum, since the accelerating force which urges each 
material point IS always propoitional to the space which remains 
for it to describe in order to arrive at its position of equilibrium* 
Hence the duiation of the vibrations will bo in the inverse ratio 
of the square root of the elasticity of the medium, an elasticity 
which IS measuied, in the case we aie considering, by the energy 
of the force resulting from the relative diaplacomcnis of the 
paiallel strata of the medium, supposing them equal to n small 
constant quantity taken for unity, 

It IS easy to see also that the duration of the oscillations of 
the point M will be piopoitional to the length (A) of an undula- 
tion , In fact, to compare the durations of an oscillation corre- 
sponding to diffeient values of (x), we must always suppose 
constant, in older that, the distances being the same, the mole- 
cular actions and the masses to be moved may bo similar on one 

partandontheothew On substituting for sm its value, 

in the expression for \\e have 


always supposed the splime of activity of tho elastic foico to bo infiintclv Binall 

[No such no?c to 
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dhj=:-i J yd 

loi oao and the same degxee of elasticity of the vibiatmg me 
cl y measuics the eneigy of the foice n Inch tends to bung 
back the point M to and is the space Inch this point 
must clesciibc Hence foi equal displacements of the point M> 


the accclunting foice is piopoitional to 




theiefoie the duia 


tion of its oscillation mil be piopoitional to A Consequently 
the dination of the ubiation^ of the assemblage of pai tides le 
picseiited by the cuive ABC [coiicamo aiiom (is piopoihonal to 



denoting by (s) the elasticity of the medium Non as this 


(luintion must lemnin constant foi the same luminous \^aves, 


Mhatcvd medium they tiaveisc it is necessaiy that the length 
of an undulation (A) 01 the velocity ot piopagation be piopoi 
tion il to the squiie loot of the elasticity put in play It is suf 
hcient thoiefoic to deteimmc the law accmding to which this 


elasticity vaucs 111 one and the same medium, to 1 now all the 
velocities of piopngation with which light may be aflPected in it 
Ihe law which I have found foi the case wheie the axes of 


elasticity have paiallel clncctions tliioughout the whole extent of 
the medium, is founded on the theoiems of geneial statics which 
have been dcmonatiatcd, and on the following piinciple — T?te 
clu^ticihj put into play by the 1 dative chsplacements of molecules 
7 emains always the same in the same mediunh so long as the dii ec 
lion of these chsjjlaoements does not chaneje yCind lohatevermoi eovey 
may bo that of the plane of the wave I shall now endeavoui to 
give the theoictical icason of this piinciple^ the accuiacy of which 
I have nioiGovei veil fled by vciy piecise cxpciiments 


I he chistwiiy put into play by Luminous Vibrations depends 
solely on then d%) cctioHy and not on that (\f the IVaves 
I ct us considei llie molecules compused in one and the same 
plane paiallel to the siuface of the wave they preseive always 
the same lelative positions, and the lesultant of all then actions 
upon one ot then niiinbei does not tend to impiess on it any 
iTiovemcnt ll%e same is not the case foi the action of the next 
sfiaium of the medium on this molecule, which being no longei 
in its piimitive position of oquihbuura with legaid to it, exerts 
upon it a small action paiallel to the plane of the wave Con 
^OI X i ^ 
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tinuing to subdivide in this way the vibiating medium by pninlUd 
planes infinitely near and equidistant^ in proportion as they me 
fnithei off from the fiist, the molecules which they contain am 
found fuithei removed from then original position relatively to 

the mateiial point which we are considering ; but this ellecL la 

moie than countei balanced by the enfeebling ot the forces le- 
suiting fiom the inciease of distance, and it ceases to be sensdili* 
at a ceitain distance, which, without being pi ohably altogdhei 
to he neglected with legaid to the length of an uudulutioii, run 
only he but a very small fi action oi it. Whalovcr br the law 
accoidlng to nliich the molecular foiccs vary with the clisliiiirr, 
it IS natuial to suppose that this law lemains tlie same for llit* 
same medium m all duections I do not mean by this to say 
that the molecules situated at the same distance fiom Ihe nude- 
rial point exeit upon it in all duections equal repulsions j but 
only that these lepulsions, though unequal, vaiy in the siimr 
mannei uith the distance. 

Admitting this hypothesis, which is very probable fiom il» 
simplicity, we may conclude from it, I think, that ilic claslichy 
put into play by the small displacements of the molecules duCH 
not change so long as the dnection and the c\tcnt of these dis- 
placements lemain the same at the same distance from llic ])linir 
of the wave, whatever besides may be the diicction of this plane. 

Suppose, m fact, that the molecular displacements aio iilwayH 
parallel to the same direction, and consider two diflciont planeu 
drawn through this duection, which shall icpicbcnl successively 
the surface of the wave in two diffcient situations. Sulidiviilr 
the Yibiating medium into infinitely Uim and cquuhslant atratn, 
fiist paiallel to the former plane, and aflcrwnuls paiallol to thr 
second; call 5 the small quantity by which the second sLrnluni 
or the second row of molecules becomes displaced relative In 
that which is contained in the plane of departure ; the molrculcH 
oiigmally situated on stiaight lines porpcnchcidar to this iilane, 
now foim curved lines in consequence of the uudiilatory move- 
ment; and the displacements aic sensibly proportional to the 
squares of the distances fiom the plane of departuie in those 
strata sufficiently neai to exeit an appicciablc notion. Uoneo 
4 a will be the quantity by which the molecules f>f the third row 
will become displaced i datively to those of the plane of do- 
paituie; and m the same way 9 5, 16 5, &c. will he the rcifw 
tive displacements of the succeeding strata. Similar displace- 
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ments^ be it undei stood, aie supposed on the othei side ol the 
plane 

If all these disphcemeiUs instcid of luci easing with the 
distance, weie equal to the clisticitj put in play \^ould be the 
same as in the case whcie the medium lemaimng immovable 
the molecules only compiised in this plane had shded by 
the small quantity S It will be inoicovci icmail ed that 
if theie weic only one of these molecules displaced fiom its 
position of eqinhbnum the dnethon of the plane in question 
would have no influence on the foicc to wlucli it would be 
subject 

Gall tins foicc T, it is the sum of the actions excited on the 
molecule lemaining fixed by all the stuita of the medium Now, 
to pass fiom this case to that with which we occupied oiu selves 
m the fiist place, it would be necessaiy to multiply the action of 
the fiist stialum by /eio tint of the second by 1, that of the 
thud by 4, that of the fouiih by 9, &c Since in this case 
the hist stialum Ins not changed its position, the second is dis 
placed by the quantity 8 the thud bj 18 instead of 8, tlic fouith 
by Q 8 and so on we should have besides, the same piogicssion 
whatevci ucic the diicction of the plane of the wave Hence 
we must always mnliiplj the ludiviclual actions of the stiata 
situated in the same lanl by the same uumbeis m oidu to take 
into account the extent of then displiccmcnls inoieovci, the 
coefficients, winch depend on the distance of each sUatiim fiom 
the fixed molecule, will also be the same at equal distances, 
supposing, as wc liave done the molceulai actions to dimmish 
in all ducctions necoiding to tin same luucUon of the distances 
consequently the total luimeiical sciies by which b must be 
multiplied to obtain tin elastic foice which u suits fiom the un 
dulaioiy movement will icmam constant foi Uio diffbicnt diicc 
tions of the paiallcl sliata^ oi ol tlie plane of the wave and this 
foice will depend only on the meie ducction of the moleculai 
displacements 

Apphcaiion of the p)cculin(j to media xolme the Ao^ob 

of 7' lasticiiy pi esei ve the same dn eclion Ih Qxiyhoxil then lohole 

ewteni 

If this piinciple lie admitted, the thcoictical piobability of 
which I have just shown, and whose Rccuiaoy I have besides 
verified by veiy pieciso expeuments on the velocities of light m 

u 2 
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topaz, it becomes easy to compaie the elasticities put into play 
by two vibratoiy movements which have dirteient diiec'tions^ 
and belong to tuo systems of luminous waves making any ungto 
with each othei% For this it is sufHcient to compaio lu the firaT 
place the elasticity put into play by the former system with tin* 
elasticity put into play by vibrations whose directions arc alwiiyn 
in its plane^ but parallel to the intersection of tlie planes i)f llio 
tMo systems of waves j then, changing the plane of the ^^avcH 
without changing the diiection of these new displaccnicntsj, w(* 
shall compaie m the plane of the second system of waves the 
elasticity uhich they clevelopc with that excited by the vibrations 
of this second system In one woul, the vniiations of inclumliuii 
of the suiface of the waves lelatively to the axes of the vibrating 
medium, causing no change in the clastic foicc so long as the 
cluection of the moleculai displacements icmains llic same, Iho 
pioblem always i educes itself to the coinpaiisou of the clastici** 
ties put in play by two systems of \YaYe8 whose sni faces aic 
paiallel, and whose vibiations make with each other any angle 
whatevei* Now, the elasticities excited by two systems of similar 
waves which comcide as to their siulaccs, but whose vibrations 
are peifoimed in different diicotions, are evidently lo each olbcr 
as the foices pioduced by the successive disjffacemenlN of a 
single molecule along the foimei and the latter diioction. In 
fact, consider the stiatum situated in the primitive jiosition of 
equilibiiiim, and with legaul to which the parallel strata liavc been 
displaced, m both cases it is the same stiata of the medium ^Yluch 
have become displaced and by equal quantities, but according 
to two different directions. Now, on considering these two modcH 
of displacement, we may apply to the influence cxeitcd on each 
molecule of the immovable stiatum by one of the other strata, 
the theoiems we have demonstrated for the action of any inolc- 

material point wdiich has been 
left tl^ef position, since this is cquivn- 

culL of X ® displacing all the other !nolu- 

late quantity. Thus wc may calou- 

o^t e othL rt^^^^^^^^ "" and the aotious 

meats aieXpnoid tud T'^ 

elasticities J pL L 

to each othei o. n ^ uiidulotory movomentB lire 

olhe, a, the ela.l,cit,ca ehiol. ,voul<\ bo oxeiled by the 
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t«o successive displacements of a single molecule alon^ simihi 
dll ( ctions and v c may apply to the complex displacements i c 
suiting fiom luminous waves the pimciplea befoic dcmonstiated 
foi the ease whcic one molecule is distuibed fiom its position 
ol cqnilibiium, ^\hllst all the otheis icmain fixed 

ihis being established^ let us tike the thice axes of elasticity 
of the vibialing medium as cooidinate axes, and denote by 
l}^y (? the elasticities put into play by vibi itions pai illel to 
the axes o{ so that tlic conesponding velocities ol pio 

pagation, 'iihich nie piopoitional to the squat o loots of the elus 
ticitics, aic lepicseiitcd by a b c we pioposc to dctcimme 
the elastic foice icsuUirig horn vibiationa of the same natuic 
but paiallel to any olhei diicction whatevei making uith these 
axes the angles X, Y, 7 1 take as unity the amplilude ot 

these vibiations, oi the constant coeflicieiit of the lelative dis 
placements of the paiallol stiata of the medium, foi m oulci to 
compaie the elasticities, it is necossaij to compaie the foiccs 
icsulting fiom equal displacements lliis coclficient being equal 
to 1, those of the components paialhl to % ij and z uill be 
cos X, cos Y cos / We know besides that these foices will 
ba\e the same dnections, accoidmg to the chaiacteiistic pio 
pcity of axes of clasticitj 

Ilencc, denoting by (/) the icsnltant of these tluce foices, we 
shall have 

J' := COS'^X [-b^ los^YH c‘ cos^/ 

and the coaims of ilic angles which this icmltant mal cs with 
tlio axes of ijy Zy will bo icspu lively equal to 

co^X b cosY cos/ 

^ J 

Wc see that in gcneial this icsullant liai not the sumo duccLioii 
as the displacements which have pioducul it But wc can 
always decompose it into tv^o ollni loices, one paiallel and the 
othei pcipondicuhu to the tlneciion of the displacements It 
the second foicc be found at the same time noimal to the plane 
of the wave, it will no longei have any influence on the piopa 
gation of luminous vibiaiioris since accouhng to oui lundamental 
hypoLlicsis, lift luminous vibiations aie peifouned solUy in the 
diicction of the suifuce of tlic waves Now wc shall take eaie 
to 1 educe to this case all calculations lelativc to the velocities of 
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piopagation; foi this reason we shall now confine ourselves to 
the deteimination of the component paiallel to the displace- 
ments. 

The angles which this diiection makes ivith the axes aro " 
Y, Z ; the cosines of the angles which the same axes make 
with the lesultant aie 

COSX cos Y 6^GOS Z 

—7—, -7—, 7.—, 

consequent! jr the cosine of the angle which this resultant makes 
with the diiection of displacement is equal to 

^ COS^X + . COS^ Y + . CQS^ Z 

7 ■ 

Now this cosine must be multiplied by the force /to obliun its 
component pmallel to this diiection; the component sought is 
tlieiefoie equal to 

«« . cos® X + 6® cos® Y + c® . cos® Z. 

If we denote by v® this component of the elastic force, in order 
that the con csponding velocity of propogation may be lopro- 
sented by w, we shall have 

ti® = «® . cos® X + i® , cos® Y + c® , cos® Z. 


Surface of Elashciiij, which rejjresenis the Law of the BlaslicUtes 
and of the Velocittcs of Propagaho a, 

1 shall suppose a surface to be constiucted according to Una 
equation, each radius vector of which, making angles equal to 
X, Y, Z with the axes of «, y, has for its length tlic value of v ! 
we may call it the surface of elashctty^ since the squares of its 

will give the components of the elastic force in the 
diiection of each displacement. 

If we conceive a system of luminous waves (always supposed 
plane and uidefimte) which are propagated m the medium whose 
law of elasticity is lepiesented by tins surface, and draw through 
its centie a plane paiallel to the waves, every component iier- 
pendicular to tins plane must be considered ns having no in- 
fluence on the velocity of propagation of the luminous waves. 
The elastic force excited by displacements parallel' to one of tlic 
n*. vectou. of U„, dBrnetMl ,ooti„„, 
posed into two othot foicos, one pmllcl luid tlio other pot pen- 
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diculai to tlic ladiiis vcctoi , the foimei is lepiesetited in mag 
nitudc by the squaio of the len^^th of this ladius vectoi itself 
the second^ not being pei pcndiculai to the plane of the diame 
tial section e\cept foi two paiUculni positions maybe gene 
1 illy decomposed into two othei foices, one compiised m this 
plane and the othei noimal to the plane this htiei as mc have 
saulj CKCiU no influence on the piopagalion of the luminous 
waves but it is not so foi the othei component which must be 
combined uith the hist component paiallel to the ladius vectoi 
to obtain the uholc clastic foice excited m the plane of the 
waves 

It uill be 1 email cd that in this general case^ the elastic foicc 
ulnch piopagutcs the waves uill not be paiallel to the displace 
imnls uhich have pioducccl it whence would lesultj in the 
vibiations uhich pass fiom one stratum to anothei, a gradual 
change of then cluectxon^ and consequently of the intensity of 
the clastic force winch they put in play^ winch would lendei 
veiy difficult the calculation of then piopagation^ and would 
pie^ cut the application to it of the oidmaiy law, accoiding to 
which the velocity of piopagation is piopoitional to the squaie 
loot of the elasticity put in phy a hw whose applicability we 
have shown only foi the paiticulai case wheie the diiection of 
the vibiations and the elasticity lernain constant fiom one stia 
turn to anoihci 

But iheic exist alwaysi in each plane two lectangulai cliiec 
lions, such that the clastic foicea excited by ebspheements paiallel 
to each ol them licing decomposed into two othei loices, one 
paiallel, the othei pcipcndiculu to this ducction, the second 
component is lound poi pcndicuhi to the plane , so that the vi 
bialions aic piopagalccl solely by an clastic foicc paiallel to the 
piinnUvc displacements^ which thcicfoie picscives the same 
ducctiou and the same intensity dunng then iiansit Now 
whatevci be the diiection of the incident vibiations, they may 
always bo decomposed along these two icctangulai diiections in 
the diamelial piano pai tiUcl to the waves, and thus i educe the 
piohleni ol then path to the calculation of the velocities of pio 
pagaLion of vibiations paiallel to these two diicctions a calcu 
lation easy to-make accoiding to the piinciple that the velocities 
of piopagation aic pioportional to the squaic loots of the elasti 
cities put into play, which piinciple then becomes iigoiously 
upplicablt 
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TH small displacements allel to the noses of any dimnetral 
section whatever of the surface of elasitcihj^ do not tend to 
sepal ale the molecules of the succeeding sh atafrom the noi mal ^ 
plane di awn th ottgh thezi dii ecUon. 

I shall now demonstiate that the greatest and least laduia 
vectoi^ or the two axes of the diametial section, possess the pio- 
pczty just announced ^ that is to say, the displacements along 
each of these two axes excite clastic foices, the component of 
which perpendicular to their diiection is found at the same time 
perpendicular to the plane of the diamctinl section. 

In fact, let a? := B y + C be the equation of the cutting plane 
passing tluough the centre of the surface of elasticity^ the equa- 
tion of condition which expresses that this plane contains the 
radius vcctoi, ^^hose inclinations to the axes of a;, y, S! arc lespcc- 
tively X, Y, Z, is 

cos X = B . cos Y + C cos Z. 

We have, besides, between the angles X, Y, Z, the relation 
cos^X + cos^ Y -f cos^Z =: 1 1 
and for the equation of the sin face of elasticity, 

cos^ X H- , cos® Y q- c® . cos® Z. 

Tlic radius vector (u) attains its maximum oi its nnnimnm when 
its differential becomes nothings wc have ihcieforc in this case, 
diffeientiating the equation of the suiface with icspcct to the 
angle X, 

0=a® . cos X sin X + . cos Y sin Y . ~ }- c^cosZ. smZ . 

If w c differentiate similarly the two pieceding equations} we have 

/7Y tl 7 

cosXsinX+cosYsinY.^ +cosZ.sinZ.^J = 0 ; 


sin X + B sill Y 


dY 


dZ 


_ 0} 


M hence ve obtain foi following values! 


dY _ sin X (C cos X + cos Z) «. 
dX. sin Y (B cos Z ~ C cos Y)’ 

and d^ _ sin X (B cos^X q- cos Y) 

dX sm Z‘(B cosZ - C , cos' Y) * 
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Substituting these two values la the fiist difFeitntial equation^ 
which cxpi esses the common coiichiion foi a maximum oi foi a 
minimum, ^\e find foi the equation detei mining the diiection of 
the axes of the diametial section, 

a cos X (B cos Z -- C cos Y) + cos Y (G cos X cos 7) 

— co3Z(BcosX h cos\) s=: 0 (A) 

J et us non conceive a plane di inn tluou^jh the ladius vcctoi, 
and the acceleiating foicc developed by the displacements pai allol 
to the ladius vcctoi , it is ui this plane that nc shall decompose 
this foiec into tnootheis, the foimei m the diicction of the 
ladius vecloi, the second pcipcndiculai to it and if tins plane 
IS iicipendiculai to the cutting plane, it is cleai that the second 
component mil be noimal to tins lattei Wc pioeeed now to 
find the equation nliich expi esses that those two pianos aie at 
light angles to each other and if it agiecs nith equation (A ), 
wc may conclude fiom it that the axes of the diamctial section 
aie piecisely the tno ducctions nlnch satisfy the condition that 
the component peipendiculai to the ladms vector be at the same 
time peipendiculai to the cutting plane 

Let t = BV + the equation of the plane cli m n tin ou^h 

the ladms vectoij and the diicction of the clastic foicc developed 
by the vibiations paiallel to the indius vcctoi Ihc cosines ol 
the angles made by this foicc nith the Ihicc axes of cooulinates 
aie 

a oosX 1) cos A 6^ cos/ 

and smcc it is contained in the plane i = IVA H C' Z, ne h ivc 
coaX cosY . / , 6^ cos/ 

^ j \U ^ — Ol 

a cos X == IV h COB Y I 0^ 6® cos / 

Ihia ))lunc containing the laduis vecloi, wc have, similaily, 
cos X =5 B^ cos Y I V cos / 


Fiom these two equations ne obtain 

1 ^/ ^ I {a^ — b^) cos \ 

(ja ^ cos A ^ cos / 

SubBtilulmg these values ol B^ and C ' in the equation 
BIV I G(' H 1 ==(), 

which expi esses that the second pluuc is peipendiculai to the 
hist, wc find 
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B — c^) COS X COS Z ^ 0 b^) cos X cos Y 

+ ( _ c^) cos Y cos Z =: 0, 

a 1 elation similar to that of equation (A ), which determines tlic 
dneetion of the axes of the diamctial section^ tis may be easily'' 
seen by effecting the multiplications. Therefore the directions 
of these Uvo axes do in reality possess the property announced j 
whence it lesults that the paiallel vibrations picseiving always 
the same direction, have a velocity of propagation proportional 
to the squaie loot of the elasticity put into play, a velocity which 
may then be lepiesented by the radius vector (u), 

Detei mination of the Velocity of Propagation of plane and 
%ndejinxto Waves* 

By the aid of this principle and of the equation of the surface 
of elasticity, whenever the thiec semi-axes c arc known, it 
will be easy to determine the velocity of propagation of plane 
and indefimte waves whoso dneclion is given. To this end, in 
the fiiat place, a plane parallel to the waves is to be drawn 
through the centie of the suifacc of elasticity, and their vibia- 
tory motion decomposed into two others in the directions of I he 
greatest and least axis of this diamctial section, II we denote 
by («) the angle made by the incident vibrations witli the former 
of these axes, cos a and sin u will repicsent the relative iuionsi*^ 
ties of the two components ; and their velocities of propagation^ 
measmcdpeipendiculaily to the waves, will be respectively equal 
to half of the semi-axis of the diametral section to winch the 
vibrations aie paiallel, These two semi-axes being in general 
unequal, the two systems of waves will ti averse the medium with 
diffeient velocities, and will cease to be parallel on emerging 
fiom the refracting medium if the surface of emergence is oblique 
to that of the waves, so that the diffcioncc of volocitiea causes u 
difference of refraction. With legard to the planes of polarii^n-^ 
tion of the two divergent beams, they will be pcrjicndiculav to 
each other, since their vibrations are at right angles to each 
other. 

There are two dianieh al planes winch cut the Surfaqfi of Elasticity 

%n circles* 

It IS to be remarked that the surface 

<>"=== cos^^ X + b ^ . cos^ Y + 6^ cos"^ Z, 
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A\lnch lepiesents tlie laws of elasticity of cveiy medium A^hoae 
inolcGuhi gioups have then axes of elasticity paiallcl, may he 
cut in two cuclea by two planes cliaMii tlnou^h its mean axis^ 
and equally mclnied to each of the olhti two axes In fact;» ic 
place the pohu cooidmates by loctaiigulu ones m this equation, 
which tlicn becomes 


(-^2 ^ — a^aP’ A V ^ 

the ciiculai section made in this siuface may always be con 
sideied as belon^^ing at the same time to the smface of a spheie 
^ -f 2/^+ ^ — its ciicumfcicnce thciefoie will be iound 
at the same time in the cultin*^ plane / » A ^ h B y, on the 
suifacc of the sphcie and on the siufacc of elasticity Com 
billing the equations ot these two suifuces gives 

VlPy 

substituting m this equation the value of ^ obtained ftom the 
equation of the cutting planc^ w e have 

'P (cP + A® (?) + if (i® f- H 2A B P » 7'^ (1 ) 

On substituting this value of z in the equation of the spheie, 
we find foi the i)iojcclion ot the same ciuve on the same plane 
ol ^ j/, 

(1 h A^) i 2/^ (1 H B®) H 2 A B A 2/ — ^ (2 ) 

Since tho two equations (3 ) and (2 ) must be idenlieal, wc have 

1 t B^ _ HB^6 2AB _ 2AB c' 

I \ A. (P \ A I A fp A-^c 1 1 A^ (P-^A'^c^ 


Ihe second condition can be satisfied only by A !=! 0 oi B = 0, 
since otbeiwise it would be ncccssaiy to make 1 A^g^ \ 
A^(% 01 rt s=2 c , constant quantiliea ol which w c cannot dispose If 
we suppose A 0, wc obtain fiom the flist equation oi condition 

B c=: _L A / ^-PzJLy an imngnuuy quantity if (S) be the middle 
V — iP 

axis, since in that case the two teims of ilio fiaclion placed 
undei the ladical aic ol difieienl signs Ilcncc if we suppose 
iv'^b and i > c, wo must make B = 0, whence we obtain foi A 


the leal value A =5 




13 = 0 indicates that the ciiltinp; plane must pass Ihiough the 
tiKis ot ?/, 01 the mean axis ol the siulacc of elasticity, Iho two 
ujual values nith roaluiiy signs which wc find foi A, that is to 
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say, foi the tangent of the angle which this plane makes with 
the axis of show that theie aie two planes equally mohnecl to 
the plane of which satisfy the condition of cutting the sur- 
face of elasticity in a ciicle, and that theie are only these two 
planes Every othei diametral section has theicfore tivo unequal 
axes, so that the waves which are parallel to it may traverse I ho 
same medium with tvvo diffeient velocities, according as Ihcir 
vibiations have the diicction of one or the other of these axes. 

The Double Refraction becomes nothing for Waves pai allel to the 
iioQ circular sections of the Surface of Elasticity* 

On the contiaiy, waves parallel to the cii’cular sections must 
always have the same velocity of propagation m whatever dncc- 
tion their vibrations be pei formed, since tlic radii voctorcs of 
each section aie all equal to each othci ; and, moreover, ilicir 
vibiations cannot undcigo any deviation in passing from one 
stiatum to another, because the component pcipcudicular to 
each of these ladii vcctoies is at the same time pcipendicular to 
the plane of the ciicular section] for we have dcmonatiaied by 
the pieceding calculations that this condition was fulfilled ulicn 
the diffeiential of the ladlus vector became equal to zero* Now 
this IS what takes place foi all the radii vectorcs of the circular 
sections, since their length is a constant quantity* Consequently, 
if a crystal be cut parallel to each of the circuhu sections of the 
surface of elasticity, and if we mtioduco into it porpcudicuhirly 
to these faces lays polaiucd m any azimuth whatever, iliey will 
not undergo in the crystal either double icfi action or deviation 
of their plane of polarization* Hence these two directions will 
possess the piopeities of what have been improperly called the 
axes of the oystaly and which I shall name ojHic axeSy to distin- 
guish them from the three icctangular axes of elasticity, which 
ought, m my opinion, to be considcicd as the true axes of the 
doubly-iefi acting medium 

Theie are never moie than two optic axes in refracting media 
xdhose axes of elasticity have evei ywliere the same direction* 

A lemaikable consequence of the calculation whicli wo have 
made is, that a body constituted as we suppose it' to be, that is 
whose particles are arranged m such a manner that the axes of 
elasticity foi each point of the vibrating medium arc parallel 
t nong lout its whole extent, cannot have moic than two optic 
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axes They aic i educed to one only when t\^o of the scmi axes 
by c of the suiPice of elasticity aie equal to each othei when 
a ^ by foi example^ A = 0 , the two ciicuUi sections coincide 
w 1 til the plane of and the two optic axes which aie pei 
pcndiculai to them coincide with the axis of^^ oi the axis (c) 
of the suifacc of elasticity^ which becomes then a suiface of 
1 evolution 

lliis IS the case of those ciystals winch aie designated by thu 
name ol imi a%al ciystals, such as calcaieous spai When the 
tluee axes of elasticity aie equal to each othei, the equation of 
the suiface of elasticity becomes that of a spheie , the foices no 
longei vaiy with the duection of the moleculai displacements, 
xnd the vibiatmg medium no longei possesses the piopeity of 
double lefi action This is what appeals to be the case m all 


bodies ciystalhzmg in cubes 

As yet we have calculated only the velocity of piopagation of 
luminous waves measuied peipendiculaily to then tangent plane, 
without seeking to deteimine the foim of the waves in the mte 
1101 of the ciystal and the inclination of the lays to then suiface 
Whilst it IS sought only to calculate the effects of the double 
icfi action foi incident waves which aie sensibly plane that is to 


say, which emanate fiom a luminous point sufficiently fai off, it 
IS sufficient to dcteimine the lelativc duections of the plane of 
the wave within and without the ciystal since we thus find the 
angle which the emeit^eut wave makes with the incident wave 
and consequently the mutual inclination of the two lines aloHj^ 
whicli the visual lay ol the axis of a telescope must be sue 
cessively diiected, m oidci to obtain the line of sight {voir le 
point ilQ mviL)y fix St diicctly and then acioss the piism of ciy 
stul T say thcjp?i5W, foi if the plate of ciystal had its faces 
uaiallel, the emeigent wave would be paiallel to the incident 
wa\c ui the case we aic consideimg, wheie the luminous point 
IS supposed at an infinite distance, whatevei m othei lespccts 
might be the eneigy of the double lefiaction and the law of the 
velocities of piopagation in the inteiior of the ciystal 

Iheio cannot tlieiefoie be any sensible angulai sepaiation ol 
the oidinaiy and extiaoidinaiy images m this case, ey 
fai as the ciwstallizcd plate is piismatic, and to calculate the 
angles of deviation of the oulinaiy and extiaoidmaiv beams, 
which b\ then diffeiencc give the angle of diveigence of e w 
images, It IS sufficient to dcieimine the \elocity of piopagation 
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of each system of waves m the crystal from the duection of its 
plane i datively to the axes, 

Demonsti ation of the Law of Refvaeiion for jflciUQ and indefinite 

Waves, 

Let^ foi example^ I N (fig, 7) be tlie plane of the incident wavo^ 
which I suppose for gieatei simplicity paialld to the face by which 
it enters the pi ism of crystal BAG, whose 
axes moreovei have any directions what- 
evei \ all the poitioiis of this w^avo will ar- 
live simultaneously at the plane A 13^ and 
itw ill not undoigo any deviation of its plane 
in pencil ating and tiaversing the crystal 
This will no longci bo the case when ifc 
emciges fi om the pi ism , to detiM’inuie tlie 
dnection of the pLino of the emergen twave^ 
fiom the point A as centre and with radius A 33 equal to the 
path desciibed by the light in the air in the tunc during which 
the wave advances fiom B to desciibc the aic of a cucle^ to 
which through C diaw the tangent G E j this tangent will indi- 
cate precisely the plane of the eraeigent wave, as is easily jiroved^, 
If we considei each distuibed point of the surface AG as be- 
coming itself a centie of distiubancc, we see that all tlio small 
spherical waves thus produced will airivo simultauomisly at C E, 
which will be then common tangent plane i now, I say Unit this 
plane will be the direction of the total wave losulfing from the 
union of all these small elementary waves, at least at a dislanco 
fiom the surface of conaideiable magnitude relative to the length 
of an undulation 5 in fact, let II be any point of this piano for 
which I seek to deteimine m position and lii intensity the re- 
sultant of all these systems of elementary waves. The fust ray 
arrived at this point is that which has followed the direction 
G H peipendiculai to C E ; and the rays ^ II and f 11, stalling 
fiom other points (/ and f situated on the light and left of G, 
will he found behindhand m then loutc by a whole or fi actional 
number of undulations, so much the greater as these points are 
fulther off fiom the point G If now C A be divided in such a 
manner that theie may be always a difference of aracmMuululu- 
tion between the rays emanating fiom two consecutive points of 

nrwiJ pcipeiKliculm to tlio two faces of tlio 


Fig. 7. 
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division, it IS easy to see that by leason of the distance of II, 
’which 18 veiy gieat lehitive to the length of an undulation, the 
small paits into which ^^e have divided G A will become sensibly 
equal to each othci foi lays winch mal c slightly i^ensiblc angles 
with &II We may theiefoic admit that the lays sent bv two 
consecutive paits will mutually destioy each othci as soon as 
they have a siusible obliquity to GII oi, nioxe iigoiously 
that the light sent by one of these paits will be destiovcd by the 
half of the lij^ht of that pieccdnij^ it, and the half ol the light of 
that succeeding it, loi its magnitude diffeis only fiom the aiith 
metical mean of those between which it is situated by a veiy 
small quantity of the second oidci Moicovei, the lays sent by 
these tlucc paits must haie sensibly the same intensity whatcvei 
be the law of then vaiiaiion of intensity lound the centies of 
distuibance, since, being sensibly paiallel to each othoi (by leason 
of the distance of 11), they aic in the same cucumstances^ 

Moieovei, it leeults, fiom the natuie of Uie piimiUve vibiatoiy 
motion winch gives use to all these centies of chsiui banco, and 
the oscillations of which aie nocessaiily icpeated by them, that the 
elementaiy waves which they send to II will cany to that point 
absolute velocities alternately positive and negatne, which will 
be the same m ma^^nitudc, and will dillei only in sign The 
same will be the cane loi the accelei atin^^ foices leauUing fiom 
the 1 dative displacements of the molecules, which will be equal 
and of conlmiy signs fox the two oiiposite movements of the 
punutnc wave Now this equality between the positive and 
negative quan Utica contained in each conqilctc iiudulaiiou, la 
sudicient in oidci that two systems which diflei lu then loutc 
by a semi undulation may mutually destiny each othci when 
they have besides the same iniensity lie ncc all the lays sensibly 
inclined to G II will mutually desUoy each othei and only those 
which aie almost paiallel to it will concui effectually lu the 
foimation ol the icsultant system of waves 

They may then be considcicd in the calculation as having equal 
intensities, and the inlegiation be made between the limits of 
positive and negative infinity in the two dimensions, employing 

* Wo inny itinko the aamo ohaoivnUon with logaiil to the iiit iibUioh of those 
rays \Mth lo^utl to tho oKtont ol llic poiUoim ol A C whjcU aond thorn by 
lomiuknig that tho laya of the two conmulivo poitnns (UlTtniig only in m 
tensity by nu infinitely small qiiniitity ot tho fust oulci tlio in ton ity of tlio 
rA}B of an inloi mediate pait diircr only hy an infinitely small quantity of tho 
aooond ouloi from tho moan hetwoou tho intciisUits ot tho rays of the two ncl 
jacent parts 



294 


FIIRSNEL ON DOtTHLE UK PU ACTION 


formate ahich I have given in my memoh on DiflTraction, 
Butj without recurring to these formulae, it is cvicleni bciorelmncl 
that if the intensity of the incident wave AB is the same in all 
its paits, the elements of the integration will be the same lor the* 
diffeient points II, Ih of the emergent wave situated at a 
sufficient distance fiom the suiface C A, whatever in other re- 
spects may be the foim of the integral, and that consequently 
tlie intensity and the position of the icsiiltani wave will be the 
same in each of these points; it will thciefoie be parallel to C K, 
the geometiical locus of the piiimtive distui bailees ; the formuho 
of integration place it at a quarter of an undulation bclund tliis 
plane, but this does not alter its direction, which alono dclci- 
mines that of the visual ray, or of the axis of the toloscopo by 
which IS observed the line of aight-t* 

Thus the sines of the angles BAG and CATS, made by tlm 
refracting suiface with the incident and icfi acted uaves, are to 
each othei as the lengths C B and A E, that is to say, as the ve- 
locities of piopngation of light in the two conliguous incdiiu 
We see, then, that in Older to calculate the piismatic cilbcls 
of doubly-i eft acting media, when the point of sight is at an infi- 
nite distance, and the incident wave consequently jilane, it is 
sufficient to know the velocity of propagation of the ordinary and 
cxtraordinaiy weaves in the inteiior of the ciystal lor each direc- 
tion of the plane of the wave, this velocity being measured per- 
pendiculaily to this plane. Now these things are given by tlia 
gieatest and smallest radius vector of the diametral section made 
in the suiface of elasticity by the plane of the \vavo. But w'heu 
the point of sight is very near the icfracting medium, and we 
employ a crystal whose double refraction is very strong, such as 
calcaieous spar, in which the curvature of the waves diflers 
gieatly fiom that of a sphere, it becomes necessary to know the 
form of these waves. 


Piinciple which determines the direction of the iqf'r acted raySy 
when the point of sight is not svfficiently distant to alloto qf the 
curvatm e qf the luminous vmves being neglected. 


In order that I may be moie easily comprehended, I slinll 
take a veiy simple case, that in which the point of sight [poiul 


I have tiioaglU it advisable to lepeat heie, in nn nbudgod fonn, ibo cNpla- 
nation which 1 have given of the law of Dcscaites foi oidmiuy ictuiclion, ill 
ho ast note of my memon on Dimaction, m oulor to save Urn leadoi' Urn 
tiouble of lefoiung to it 
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de mile) is situated in the inteiioi of the eiystal oi else against 
its lovvei sin face Lot M (fig 8) be the luminous point, liC 


Tig 8 



the upper suifacc of tlie plate by 
v\hich the lays emcigc, lei M a, 

MA be lays staitiug fiom 
the luminous point, and ^ollo\^ mg 
such a conise as to stiike against 
the opening h V of the eye oi of 
the object glass of the telescope 
I suppose that the ciuvc 4^ le 
picscnts the geometiical locus of 

the distiiibanccs which niiive fiist, staitmg fiom the lefi acting 
suifacc r C it \sill be paiallel, as m e have seen, to the icsultant 
\\ avo of all the elemental y distiiibanccs Now it is on the direction 
of the element of the emeigent wave which falls on the opening of 
the pupil that the position of the image of the luminous point on 
the letina depends, and consequently that on Mhich depends the 
diiection of the visual lay which is peipendiculai to the element 
of the ^^ave It is theicfoie the diieotion of this clement oi of 
its noimal, that we have to deteimme I his noimal is the lay 
AB of sniffcest ainval at the middle B of the element, since this 
clement is the tangent to the spheie descubed fiom A as centie 
We have then only to seek amongst all the bioken lajs M ^ B 
M A B, M (i B, foi that \Ahich will bung the fiist distiubance to 
B, and its diiecliou outside the ciystal will be that along ^^hlcll 
Mill bo seen the object 

But the section made m the uiface of elasticity docs not fin 
nish immediately the quantities ncccssaij foi deteunining the 
mtcivals of time compused between the ai avals of the distuib 
ance fiom M at the points «, A, d foi it does not give the vc 
lociiy of piopagaiion except the duccUon of the cutting plane, 
01 of the element of the wave to nhich it is paiallel, be known , 
and lb is to be lemail cd, moicovci, that the velocity of piopn 
gation has always in tins consliuciion been supposed to be 
lec! oned on the peipendiculai to the plane of the ^ave, whilst 
hcie it would be necessaiy to have it on the diiection of the lay, 
foi, as we have just said, the pioblem consists in finding the lay 
of hist aiuval ♦ It is thciefoie necessaiy to calculate, in the first 
place the velocities of propagation of the wave, whose centre is 
in M, along the diffcicnt lays M M A, M that is to say, the 
lengths of these lays compiiRcd between the ccntic M and the 

voi Y iahi xviii X 
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suiface of the wave at the end of a given tiine^ or in other terms^ 
the equation of the suiface of the wave. 

TheoTCM on xoliich depends the calculniion of the Suvface of the * 

Waves 

Let C (fig. 9) be a centre of disturbance^ A R B T) the position 
of the wave emanating fiom C at the end of the unit of timc^ 
winch I take sufficiently great for the distance of the wave from 
the point C to contain seveial undulations^ or in other words^ so 
that the length of an undulation may be neglected witli regard 
to this distance. 

Now conceive a 
plane and indefinite 
wave O N passing 
through the same 
point C I at the end 
of the unit of time, 

I say, this wave will 
have been trans- 
ferred parallel to it- 
self into the position 
(o?i) tangent to tho 
cmvcAllBD. In 
fact, let R be the point of contact, and let us sock for the resultant 
of all the systems of elementary waves emanating from the cliRerent 
points of O N which ariive at Rj it is seen that, for the rensona 
previously explained, it will only be such rays as o R, d R, of small 
inclination to C R, that will concui in an efficacious manner in 
composing the oscillatory motion in R. Let c and d be two centres 
of disturbance, whence come these rays whose inclinations lo 
C R are small , at the end of the unit of liimo they will have sent 
forth the two waves arbd and (idd d^^ absolutely parallel to 
the wave ARB D, and tangents to tho same plane on m the 
points r and Hence they uill airive at R rather later than 
the wave emanating from 0 ; C R is therefore the path of quickcal 
amval of the disturbance at R, It is to bo remarked, iu tUo 
fiist place, that everything is symmetrical on all sides of tha 
minimum throughout a small interval such as that we are con- 
sideling, and that hence the oscillatory movements which come 
by the conesponding rays c R and d R, and arc slightly inclined 
to the plane on, will togethei form resultant motions exactly 
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paiallel to this plnne^ like the oscillatoij movement winch comes 
fiom G Ihe same may be said of any othei t\^o coiiesponding 
points situated out of the plane of the hginc theiefoic aheady 
the osGiHatoiy motion mil ha\e the same diiection as it must 
have in the plane 0 7i With icgaid to the position of the ic 
sultant uavc^ it \iill be found in aiicais of the point R by a 
quaitei of an imduhtion^ on intcgiating paiallely and pel pen 
diculaily to the plane of the figuic but in a calculation iiheie 
M e have consideied the length of an undul ition as a quantity to 
be neglected with legaid to the distance C 11^ ue may say that 
the nave 0 N has m fact auived at R at the end of the unit of 
time By going tluoiigh a similai leasoning foi each of the 
othei points of 0 7t it might m the same way be pioved that the 
distuibances icsulting fiom all those which stait horn 0 N aiiive 
theic also at the end of the unit of timc^ and that consequently 
the entnc 'wave is found at tins instant tianspoited to 0 7 i We 
might demonstrate in the same way that eveiy othei plane wave 
P ft passing thiough the point C would, at the end of the unit 
of time, be in the paiallel position j) q, tangent to the same cui ve 
suifacc ARBD, theiefoie this suifuce must be a tangent at 
the same time to all the planes occupied at the end of the unit 
of time by all the plane mdchmtc aves which ha\e siaited fiom 
C Now wc know then iclative ^elocllles of piopaoUtion mea 
suicd in diiections peipcndiculai to then planes, and we may 
consequently deieimine then positions at the end of the unit of 
time, and obtain theiefioin the equation of the suiface of the 
wave emanating fiom ihe point G In this mannei the question 
IS 1 educed to the calculation of an enveloping suiface 

CalculciHon of the smface of waves vm clouhly lefi acting media 
Gonsequcntly the equation of a plane which passes tluough 
the ceulie of the suiface of elasticity being ^ ^ nyy that 

of the parallel plane to which the suiface of the wave must be a 
tangent, will z^mes h ^^2/ + G, C being so detei mined that 
the distance of this plane fiom the oiigin of cooidinatcs may be 
equal to the gieatosi oi least ladius vectoi of the suiface of 
elasticity comprised in the diametial plane a? =5 w 'i? V ny 
Ihe equaliofl of the suiface of elasticity, rcfciied to the tlnce 
lectangulai axes of elasticil}, is 

cos*^ X d cos® Y + c® cos® Z 
I et =5 <5t z and y ==: |3 z ho the equations of a sti night hue 

\ 2 
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passing thiough its centre^ that is to say, of a radius vector ; 1>C- 
tueen a, /3 and X, Y, Z ne have the following relations : — 


cos^X = 




cos® Y ==: 


j3® 




cos® Z = 


1 

1 ^ / 3 ^ 


Substituting these values of cos® X, cos® Y, cos® Z in the above 
equation, it becomes 

u® (I + «® + j3®) = tt®«® 6® . ^ ^ 

This IS also the polar equation of the suifacc of elasticily, but in 
which the cosines of the angles X> Y, Z, which tVio radius vector 
makes with the axes, have been replaced by the tangents («) and 
(/3) of the two angles which its projections on tlic coordinate 
planes nsz^y ni make with the axis of 

When the radius vector (y) attains its maximum or its mini-* 
mum, = 0, hence, on differentiating this last polar equal inn 
of the surface of elasticity, we have for the equation of condition, 




rf/3 

'lia 


The radius vector whose equations arc ^ y = /3^, being 

necessaiily contained in the cutting ])lanc = into -I- n y, wo havo 
' 1 ==; + w/3; 

an equation uhich gives hy differentiation 
0 ^ m * da + n 4 d(3i 

whence ^ ^ , substituting in the above differential cqua* 

tion, we find 

u® (« ♦ — /3 , w) = a® . a n — 4® ♦ /3 WL 
If we combine this relation with the equation 1 ==: m « -h n )3, wu 
find the following values for « and /3 1 — 

a - (4®-y®) m _ ' (a®--^y®) n 

n® 4^ (4®-^y®) m®’ ^ {a® -V®)" + (4®-^ u®) m®' 

We shall observe in passing, that these expressions being of tlu* 
first degree, (a) and (/3) cannot have more values than (y®). Now 
on substituting them in the place of («) and (j3) in the equation 
of the surface of elasticity, we find 

(rt®--0®) (c®^0®) n® + (4®-y®) 

+ («®-y®) (4®^u®) ^ 0 (AO 

rhia equation being only of the second degi go u ith regard to 
(u®), can give only two values for itj hence there rtre only tv^o 
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cliffeieiit elasticities and two dnections of tlie radius vectoi iihich 
satisfy the condition of a maximum oi a minimum It is easy 
to peiceive^ without calculating the double values of {«) and of 
(/3), that these two diiections must always be at light angles to 
each othei , foi it lesults fiom the geneial theoiem conceining 
the three lectangulai axes of elasticity that if \^e considei only 
the displacements which aie peifoimed in one plane and the 
components compiiscd in the same pHne^ not considciing the 
toicca \\hich aic perpendiculai to it it contains ihNays two lec 
tangulai dneotions, foi mIiicIi the lesultant of the components 
compiised in this plane acta along the line of the displacement 
itself Now these diieciioiis aie pieciaely those uhich we have 
just sought, since, as wc have shown, eveiy small displacement 
paiallel to the gieatcst oi lea t radius vectoi of any diametial 
section whatevei, excites in the plane of this section a force 
paiallel to the same ladius vectoi, the other component being 
always peipendiculai to this plane 

Media constituted as we have supposed cannot give nm e than 
two images of the same object 

Hence tlie two modes of vibiation, which aie piopagated 
without deviation of then oscillations oi change of velocity, aie 
pcifoimed m duections at light angles to each othei that is to 
say, in the most independent mannei , and since, besides, there 
aic only two values of (y^) oi of the elasticity which they put m 
play, thcie can be only two systems of waves paiallel to the plane 
of the incident wave, whale vei be the oiiginal duection of the 
vibittloiy motion, since it can aluays be decomposed along these 
two duections It thcietoie a ciystal constituted ns m e suppose 
the vibrating medium to be, that is so that the axes of elasticity 
me paiallel ihioiighout its Mhole extent, be foi med into a pi ism 
thoic can ncvei be seen but two images of a veiy distant point 
of sight Ihc same is also tiue when this point is so near to 
the ciyslnl as to lendei it necessary to take into account the 
cuivatuio of the wave 

In fact, It lesuUs fiom the piinciple of the path of quickest 
muval, and from the constiiiction deduced from this by Huy 
gens foi determining the duection of the refiacted ray, that the 
number of images is equal to the number of points of contact of 
the tangent planes, \\hich can be diawn on the same side thiough 
a stiaight line to the suifaces of the diffeient waves into Mhich 
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the light divides itself in tiaversing the crystal. Now it ib evi- 
dent that tliiough the same straight line^ and on the same sulo 
of then common centie, there can only be drawn to them t\M) 
tangent planes 5 for if thiee of these could be drawn^ it ould be 
equally possible to diaw thiee iiarallcl tangent planes on tlic 
same side of the centre of the waves, whence noiild lesult three 
diffeient distances of these tangent planes from the centre, and 
consequently thiee velocities of propagation for the indefinite 
plane waves paiallel to one and the same plane, and wo have 
just shoe's n that theie cannot be more than two of these, l^or 
the same reason there cannot be moic than two points of coulacfc, 
foi the existence of thiee points of contact would render possiblo 
that of thiee parallel tangent planes. 


Calddaiion of the surface of the loaves^ coniinuecU 
But in calculating the equation of the suifacc of the waves, 
the degiee of this equation will show us still more cleaily that it 
IS impossible to diaw to them, through one straight hue, more 
than two tangent planes on the same side of the centre. 

The equation of a jilane passing through the centre of the 
surface of elasticity being 


= wo? + nij;, 

that which determines the two values of the grealest nnd lenat 
radius vector compiiscd in this diametral section is, as we have 
seen, 

u®) (c®— u^) 7 ^ + u^) 

+ - 0 (A.) 

We have alieady put for the equation of a piano parallel to tho 
section, 


z = ma? + + Cj 

the square of the distance of this plane from the origin of Coor- 

dinates is represented by . hence to express that 

the plane parallel to the diametral section is distant fiom it i>y 
a quantity equal tofthe greatest or least radius vector, it ia sulfi« 
cient to write 


02 

Y+ f = «" (1 + f »«). 

Hence the equation of this plane, to which tho luminous wnve 
must be tangent, becomes 

{z - m.v - nyf = (i + , 
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The equation (A) gives (j®) as a function of (m) and 
^^e make {m) and (?^) vaiy succc*^sively by a veiy small quantity:^ 
A\e shall have t\Ao now tangent planes veiyneai the toimei^ and 
the common inteisccUon of these tluee planes ^Mll belong to 
siuface of the \\ave We must then, in the fiist place^ diffcicrx- 
iiate equations (A) and (B ) with legaid to (m)^ suppa3i3^& (^) 
constant, winch gives 

( — m a — ny) ^ q- w + ( 1 + d n) = o 0^^ ) 

[(1+n®) + (1+w®) (4^— + {m +n^) (c^ — D 

_ - 0 ) 
Diffeicntiatintj aftciw aids with legaid to (n)y without 
( 7 ?i) vaiy^ ^^c find m the same way, 

(jcf— y + + {l+m +n^) = 0 (Bi ) 

+• (1+m®) {b^-v^) + (wN n^) 1 

-- n^O (Ai ) 

If wc now eliminate betM een equations (A^ ) and (B' )? and 
it Wi 

bct\\ een enuntions {A, ) and (Bj ), two new equations will bo 

(In 

obtained, containinf^ only the vaiiable quantities (u), (m) and («•)> 
besides the lectnngulai cooidinates i}y>2 and joining tlicm to 
equations (A ) and (B ), wc shall have foui equations betw ccii 
which wc may clinunatc- Uj m and n T.he lelation obtained by 
tins elimination between the cooidinates Xy y and z will be tlio 
genci al equation of the waveS) and will belong at the same tincic 
to the suifacc of the oidmaiy wave and to that of the exiinoi- 
dinaiy wave 

AnolJm method of calculatiny the surface of the waves 
This cliicci method seems nccessaiily to lead into calculations 
of hniassuig length, m consequence of the numbei of quantities 
to bo eliminated and the degiee of the equations Wc may, it 
IS tiuc, chmiqalo (u®) bctucen equations (A) and (B ) bcfoie clil- 
feientiating them, uliicli gives an equation of the fouitli degree 

A more simple equation, and of the Hurd degree only, is 
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auived afc by following anothei method An equation of tlu 
fiist degiee m (u^) is easily obtained by causing the cutting pi uic, 
and tlieitfoie the tangent phne \Unch is pai illcl to it, to vuy, 
so that (t?u) may be nothing, then the common intci section of 
the two successive positions of the tangent plane is the tangent 
Minch passes thiougli the foot of the peipcndicuHi di opped lioiu 
the oiigin of cooidmates on the tangent plane , and this tangent 
passing tlnough the point of contact, may seive to dctcimiue lU 
position as iiell as the tangent plane, and by the same method 
of diffeientmtion and elimination 

If we diffeientiate equation (A ), considciing (v) as constant, 
M e find 

dn _ _ 
dm"^ n 

DifFeientmtmg in the same May the equation (B ) of the tangent 
plane, we have 

dll _ __ u^m + %{z ^ mv -- n y) 
dm'^ \}^n + y {z^-mso — ny) 

Equating these two values, mg get the i elation 

[v^n + y — ny) ] (4^ — u^) m 

= [a^ w + r (;2r — m a — w?/) ] — a^) 

in which the two teims containing (a^) desUoy each othei, and 
which becomes 

mn [a^ — 4^) a^ + — ma. ~ ny) {my 

+ — mj) {naai^ — m 4 2 /®) =: 0 , 

or, putting foi u® its value ' ^ ^ , and snppi cssing the 

common factoi {z — mx ~ ny), 

{z — mx — mjf {my — n t) + mn (a® — i®) {z — mx — ny) 

+ (jia®a. —m b^y) (1 + »»® + b®) = 0 (C ) 

Now, to obtain the surface of the wave, it is sudicicnt to dilfct- 
entiate this equation successively with lespect to (m) and (n), 
and aftei wards to eliminate (wi) and («) by aid of these two new 
equations 

Having found the equation of tlio smfacc of the wave by (i 
much shelter piocess, it was sufficient foi me to voufy it by its 

satisfying equation (C ), in which (m) and (n) lepicaent the ^ 
d z 

wd ^ of the surface sought I have followed this synlhcticnl 
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method because it appealed to be simplei than elimination, yet 
ncveithclcss the calculations into which it led me aie so long 
and tedious that I do not thml it idvisible to give them heie 
I shall content myself with saying that the condition expiessed 
by the equation (G ) is satisfied by the follownij^ equation — 

+ y + (i h c^) jp' 

— [a^ d c^) — (P {(P + IP) ^ -h = 0 (D ) 

I had m lived at this equation by detei mining fiist the intersec 
txon of the smface of the wave vith each of the cooidinate planes, 
an intersection which piesents the union of a ciicle with an 
ellipse I lomailced aftei wauls that a smface ofitiing the same 
charactei was obtained by cutting the ellipsoid by a seues of 
diametial planes, and diaxMng thiou^^h its centic peipendicu 
laily to each plane ladu vcctoies equal to half of each of the 
axes of the diametial section, foi the suiface which passes 
thiough the oxticmitics of all these iidu vcctoies thus detei 
mined, gnes also the union of a cucle and an ellipse in its mtei 
section with the thiec cooidmate planes it is moieovci of the 
fomth dcgiee only and the identity of the sections made by the 
thice lectangulai conjugate diametial phmes in these tno sm 
faces would have been to me a sufficient pi oof of then identity 
if I had been able to demonstiate that the equation of the \^ave 
could not suipaas the fouith degiee, a lesult winch seemed to 
follow fiom the conditions themselves of its geneiation since 
thcie aic only l\io values foi the squaic (y®) of the distance of 
the ongm fiom the tangent plane, so tint the suiface cannot 
have moiG than two loal sheets, but as it was not impossible 
that the equation soUj^ht might contain besides imaj^inary sheets 
it was nccessaiy to obtain diiect pioof, as I have done, 
that the equation of the fomth dcgice, to which the ellipsoid 
had conducted me, satisfied equation (G), whieh expiesses the 
genciaiion of the suiface of the wave 

Vmy svm2)le ocess which leads f^om the equation of an 
ellipsoid to that of the wave mi face 

The calculation by winch 1 aiuved at equation (D ) is so simple, 
that I think lUiight to give it hcic 

I take an ellipsoid which has the same axes as the suiface of 
elasticity , its equation is 

^ a^ (Pip + IP z a h c® 
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Lei ^ p ^ qy be the equation of the cutting plane ^ the 
squaies of the two axes of the section me given by the following 
relation, 

a® [h^ - 1^) {<? ^ 7®) + i" [a^ - 1^) {c^ - r^) 

+ c® {a^ ^ 7®) {b^ - = 0, 

in which (?) lepiesents the gicatest and least ladius vcctoi of 
this elliptical section 

The equations of a stiaight line diawn thiough the centie of 
the ellipsoid peipendiculai to the cutting plane, aie 

^ and y = — 

whence jp s= *- ■— , g and substituting these values in 

JSf Si 

the above equation, we have 

(6® - ?«) (<? - »3) I (tt2 _ ,2) (c« _ ,«) 

H c® (a® ~ ? ®) (i® — }®) =s 0 , 
o), efifccting the multiplications, 

(a® a® + 4®y® H 6®^;®) t * 

- [a* (i® + c®) ^® + i® (a® H c®) f H c® (a® h i®) «®] f® 

+ a® 6® c® ( 2 ;® + 2^® + -sf®) = 0 

Finally, ohseiving that »® = + y® + «®, and suppiosaing the 

common lactoi ( 2 ?® h y® + -?®), we amve at the equation (D ), 

(af® + j/® + «®) (a® a® + i" j/® + c® «(®) " a® (A® ^ c®) n® 

— i® (a® + c®) — c® (a® + i®) »® H a® i® 6® = 0 

If u e wish to refer the surface of the wave to polai coordinates, 
we must put (r®) m the place of ( 2 ?® + j/® H «®), and substitute 
for a;®, y®, «® then values ?®cos®X, j*cob®Y, »®cos®ZI, which 
gives the following equation, 

(a® 00 s® X + i® cos® Y + c® cos® Z) 

- [a® (J® + c®) cos® X + i® (a® |- 0 *) cos® Y + c® (a® + W) cos® Z] r® 
+ a®6®c® = 0, 

by the aid of which we may calculate the length of the ladtm 
vectoi of the wave, that is to say, its velocity of piopagalion 
reckoned along the direction of the luminous lay itself^ when we 
know the angles winch this lattei makes with tha axes of elasti- 
city of the crystal 

It is easy to assure ourselves that the intersections of the sui- 
face represented by the equation (D ) with the cooJdmate planes 
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ate composed of a circle and an ellipse, m fact, if we, foi 
example, suppose = 0 m it, we find 

+ b if -- a h^) (^^ ^ if — c^) = 0, 
an equation compounded of the equation to a ciicle whose ladius 
IS (c), and of tint to an ellipse whose semi axes aie (a) and {h) 

The equation of the Wave Surface cannot be decomposed into 
two lational facial s of the second degiecy except when two of 
the axes of elasticity ai e equal 

But the genei^l equation to the surface of the wave is not, 
like those of its intei sections, always decomposable into two 
rational factois of the second degree, as I have assured myself 
by tlae method of indeterminate coefficients , this decomposition 
can only be effected when two of the axes are equal Suppose, 
for example, that J = c, the equation (D ) then becomes 
[a^w^ + (j/^ + + if + z^) — 

— {a^ + b^) {y^ + =: 0 

oi 

(^5 + + JP (y2 + ^2) ^2 

— 6^ [f r® 4- 6® fi^] = 0 , 

lastly, 

{x^ + + z — [a^x"^ + 6^ ( 2 /^ — a® = 0, 

an equation which is the pioduct of that of a spheie by that of 
an ellipsoid of revolution 

The constiuciion of HuygenSp uhicli dote) mines the path of 
swiftest ainvaly 01 the diiection of the refiactediayy ts appli 
cable to bi axal crystals as to calcaieous spai^ and in general 
to all waves of any form whatever 

It IS to these two surfaces that a tangent plane is successively 
drawn, m the construction given by Huygens foi Iceland spar 
Id tke general case of hi axal ciystals, that is to say, when the 
tlxree axes of elasticity aie unequal, Me must diaw a tangent 
plane to each of the two sheets of the suiface lepiesented by the 
equation (D )•, And by joining the points of contact with the 
centre of the surface, we shall have the dilections of the two 
paths of swiftest arrival, and consequently of the ordinary and 
of the extiaordinaiy lav I employ heie the leoel^ed expresp 
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ordinanj although in xcality in this general case ncithtn* 
of the two beams of light follows the laws of 07 dinary^^ 1 cfruc- 
tion^ as we conclude fiom the equation. 

The position of the stiaight line thiough which the iangciit * 
plane must he diawn is detei mined heie, aa m the consti iiction of 
Iluygens; thatis to say, we must take on a direction lVT{fi 6 » 
parallel to the incident lays, a quantity BT equal to the space 
desenbed by the light outside the crystal dm mg the unit of time ^ 
then through the point B draw peipencliculaily to these lays Uic 
plane A B, which will represent an element of the inciclcnl wave 
at the commencement of the unit of time, supposing A B very 
small relatively to the distance of the luminous point* 

Now if tluough the point T a stiaight line be diawn paralhd 
to the intersection of this plane with the face of the crystal, this 

line piojected in T (the plane of the 
flguie being supposed perpendicu- 
lar to the in tei section of the plane 
AB with the surface AT of the 
ciystal) will be the intcracctiou of 
tlie surface with the clement AB 
of the wave at the end of the uuiL 
of time , it 18 theicfoie tin ough this 
straight line that a tangent plane 
must be diawn to the waves formed 
m the crystal at the end of the same 
interval of lime, and whose controa 
are situated on the first intersection A. The points of contact 
M and N with the two sheets of the surface of these waves, will 
detei mine the two directions AN and AM of the two refracted 
rays, which in gcneial \Yill not coincide with the plane of the 
figme. 

The same consti uction will be applicable to waves of any form 
whatever ; and the general pimciplc of the path of swiftest arrival 
reduces all problems on the determination of lefractcd rays to 
the calculation of the suiface which the w^ave assamea in the 
refi acting medium, 

Determtnaimi qf the a^t^es of elasticity y and of tlie three eon^ 
slants a, h'and c in the equation io the wave* 

For the case w’hich foims the object of this memoir, the am- 
face of tli 6 w^ave is lepresentccl by the equation (D.) ^ the dircc- 
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tions of its axes aie ^iven by obseivation^ and will piobably 
afford Jn each ciystal a very simple i elation with its lines of u} 
stall I nation atid its faces of cleavage^ t\^o of these axes divide 
^nto two equal paits the acute and obtuse angles compiised be 
t\\ cen the two optical axeS;, the direction of which may be dctei 
mined immediately bj obsen ation, and the thud axis of elasticity 
IS perpendiculai to the plane of the t\^o optical axes 

The (hiections of the axes of elasticity may also be found by 
obsei ving those of the planes of polaiization of the emergent 
by the aid of a very simple lule i dative to these planes de 
duced by M Biot fiom lus expciiments^ and ^^hlch is found to 
be tt consequence of oui theoij;, as we shall soon demonstiate-j 
As to the constants a d c, oi the thiec semi axus of the smface 
of elasticity^ they lepiesent by hypothesis the vdocifies of pio 
pagation of vibiations paiallel to the axes ot a? y and /sf, that la 
to say^ the spaces which they desciibe duiing the unit of time 
These velocities may be determined in seveial ■ways The most 
direct IS to measure successively the velocities of the lays refi acted 
pai allcl to each of the axes of elasticity, and whose vibiations aie 
pai allel to one of the oMici two axes Toi this puipose may he 
employed the oidinaiy obseivations of lefiaction oi the moie 
delicate pioce s furnished by the punciple of inteifeiences, and 
winch allows of the most minute diffeiences of velocity being 
estimated In tiavei sing the ciystal paiallel to the axis of the 
light assumes two \elQcities, which being measuied gue (A) and 
(c) paiallel to the axis of y these two velocities aie {a) and (c)^ 
and paiallel to the axis of z they aie (a) and {b) Hence two of 
these measurements, made with caie, aic iigoiously speaking, 
sufficient to deteimme the thiee quantities a, b and c 

^ It -would seem tlmt the axes of elasticity should always assume dnectiona 
avutmetiicnl with legaid t the coiiesponding faces of the ciystal that is to siy 
til at they should be axes of symmctiy for the foim as they me foi the elasticity 
yet M MitscherlLch has obsei vecl seveial ciy tals m wl ich the hno which divides 
into two equal paits the angt ot the two optic 1 a es is not found dueot d 
synniTietiicatly with icgaid to the cou sponding fa es ot ciystnlhzation 

+ tn snyuig that the simple and elegant c nstiuction given by M Bi t for 
{lotei mining tlie planes of pol an nation is a consequence of oiu tlieoiy I do not 
mortii It to lo umleislood that I have any light to paiticipatc in tlie honom of 
tine disoovery since the lahoms of M Ih t on double leiiuction aie mucli eni 
Uei til an mine I^rneau simply to state that the law which ho 1 ad found flows 
iiec'essauly fiom the theory which I have set foith and that i e have here a 
trikmg confirmation and not mciely fact wl i h by the h Ip of an aibittaiy 
constant or by the addition of \ suhsicliaiy hypothesis is in de to coincide with 
tlie cnlcnlation 
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We may deduce fiom the consti uction of ITuygcns applied 
to equation (D ) general ioimulne, which give the duection oi the 
left acted lays foi all cliiections of the. incident lays, and of the 
Smface of the ciystal lehtively to these axes, as Mains has clone 
fox Iceland spai, wheie the extxaoidinniy wave is an ellipsoid ot 
revolution I have not calculated these foimiilrc, of uhieh I had 
no need, in oidci to veiifv my tlieoiv on iopa^ In gcnoial, so 
long as wc aie concerned with ciyatals whose double left action 
18 feeble, and when ue confine ouioclvcs to the investigation of 
the dn eigence of the two beams obiumed by foiming tlie ciystal 
into a pnsm, it is sufficient to dcteimine, in the hist place, np 
pioximately the duection of the luminous lay in the lutciioi of 
tile Ciystal by the laiv of Dcscaitcs, uilli the index ol i eft action 
of the oidmaiy oi cxtiaoidinaiy lays, and uhen ue thus know 
the appioximate duection of tlio left acted uiy, ue may (alcnlato 
the two conesponding velocities by means of equation ^T) ), oi 
the two velocities of the wave mcasuiod pcipenclieulaily to its 
plane by moans of equation (C), which lepioscnls the section 
made m the suifaco of elasticity by a dmmclial plane paiallel to 
the wave, and m which (w) and (n) aic given as soon as wc know 
the direction of the icfi acted uuy( llicsc two velocities once 
known, it becomes easy to deduce ftom them the duccUon and 
the diveigcuce of the two beams, oi of the two sj stems of cmci 
gent waves 

If gi cat Cl ttccuiacy howcvei weic desued, il would he ueccssaiy 
to determine with the velocity thus calculated a new and inoie 
appioximate duection of the ray oi ot the plane ot the wave in 
the ciystal, and calculate aftesh the coiusponding velocity by 
the aid of equation (D ) oi of equation (0 ), accouling as wc wish 
to obtain the velocity mcasuied on the lay oi the nonnnl to the 
plane of the wave, then we can deduce fiom this the duection 
of each of the two emcigent beams This method is quite as 
acciuatc and much less laboiious than employing the toimulm of 
which wc have spoken, which would be doubtless vciy compli- 
cated It may also be applied to uystnls \ hose double icfi ac- 
tion 18 moie poweiful, by lepeatmg the optiaiion a sufheioni 
numbei of times 

When it is sought to veufy the law of the velodltica by an ex 
ponment of diftiaciion, it is sufficient to considei the veloeity ol 
piopagaiion of the i eh acted wave measuicd peipcndieulaily tc 
Its plane This is cAen the moat simple method, since the ex 
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penment gives immediately the diflcicnce between the numbeis 
of the undulations pafoimed uithm the thickness of the plates , 
whence xt is easy to conclude immediately the diffcience of loute 
of the two systems of waves since these numbeis aie equal to 
the thicl ness of the phte divided by the two lengths of undula 
tioiij 01 the two velocities moasuied peipendiculaily to the plane 
of the uaves, whatevei besides may be the obliquity of the lays 
to the suiface of the uaves Suppose^ foi example^ that a plate 
of ciystal Mith paiallel faces ABFD (fig 11) is tiavened pei 
pendicuhily bv a beam of light coming fiom a point so distant 
that WQ may considei as a plane the small extent of the incident 
wave AB, nhich undeigocs a efi action the lefi acted wave \m 11 
be in all its successive positions 
plane and pniallcl to AB conae 
quently it will be suflinent to know 
the velocity of propagation of this 
wave measuied along CD peipen 
dxculaily to ABj, to ascertain what 
lel itivc time it has employed in tia 
vcising the thickness of the plate, 
ox what number of undulations it 
has pci formed m it It is useless 
to calculate the oblique dncction 
E D by which the i e/) acied t ays have ai lived at D, opposite the 
slit r made in the scicen but it this loute weie kno^^ n, instead 
of employing the velocity deduced liom the equation to which we 
have icfciied, andm which it is supposed to be leckoned on the 
noimal to the wave, it would be ncccssaiy to malce use of the 
velocity given by equation (D ) wheie xi is leckoned on the direc 
lion of the lay ED> and wc should evidently aiuve at the same 
xesult 



Defimhon qf the xoord llay 

Ihe woid in the wave theory must always be applied 

to the line which goes fiom the centie of the wave to a point of 
its smface, whatevei besides may be the inclmaiiou of this line 
to the clement on which it abuts, as Huygens hasiemaiked^ 
foi this line oflfeia, in fact, all the optical pi opci ties of that which 
18 called the ray in the omission system Hence, when it is 
wished to tnnslate the icsults of the foimex tlieoiy into the Inn. 
guage of the latter, it must always be supposed that the line 
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dcacribcd by Ihcluminoua molecules on the emission hypothesis^ 
lifts the satne clii ection as the ray di awn fi om the centre of the wnvo 
to the point of its surface under consideration. That which wo 
have previously said to catahhsh this pnnciple will have peihnp^^*^ 
appeared auflicient, wc think it useful neveitheless to suppoit 
It yet further by a new consideration diaun fiom another mode 
of judging by expeiimcnt of the direction of the lefracted ray« 

New consideralioyiy which sJiows further that the radius vector 
of the smface of the wave ts really the diiecliom of the Iwmnoxts 
ray. 

SuppoaCj as just now, that the incident wave is plane and 
jiarallcl to the surface of entry of the crystah hut that the scree n> 
pieicod by a small hole, is placed on the fiist face, instead of on 
the second; and that wc wish to judge of the dii ection of the 
ray rcfi acted through the point D (fig, 12), uheie the light tluiH 
introdured sinkea against the second face. The point which 
will be rogaided as answering to the axis of the luminous beam 
will bo the cenlic O of the small hiight and daik iinga piojooLod 
on the face F 1) ; and ilia in this ccntinl point that the maxunum 
of light will be found if the hole mn is suiBcicnily small leltilivc 
to the distance K D. The position of the rentre j 3 is cletcimincil 
I'lg, 12, condition that the i ays si ai U 

mg from the different points m and 
n of the circumfeicnccof the opouin|jf 
ariive at the same time at D. Thin 
point must be the most strongly 
illuminated spot so long as the dia- 
meter of the opening is sufficiently* 
small with regard to the distance ED foi the difference of route' 
between the rays starting from the cenUe and circumference, not 
to exceed a acmhundulation. Now, in older to compare the 
route of the elementary disturbances which emanate fiom thn 
various parts of the surface of the wave composed within Iho 
extent of the small opening, wc must consider the waves whirl i 
they would produce separately in the same interval of timo, niitl 
thence conclude the difference between their moments of arrival 
ut D, Lot rD 5 be the elementary uave, having for centre the 
middle B of the opening ; if a tangent plane F D he drawn to it 
parallel to the incident wave AB, the point of contact D will 
satisfy the condition just announced; foi the elementary wa\ c* 
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^^hlch has staitecl fiom E will be that \Ahich will niii\e thcie 
the fiist, and by leason of the genual piopeity oi mamma and 
minima all the cliffeiences, amU be equal and symmetiical at a 
small distance lound the shoitest pith L D that is to say, the 
clemuitaiy waACS which ha\c stalled fiom points (?;^) and (n) 
cqnall) distant fiom E \ai 11 be found behindhand by the same 
quantity at E ielati\ely to the aa aver aa I nch slaited fiom E, and 
will theiefoic aiiive at D in the same time It is also m the 
neighbouihood of a minimum oi maximum of a funLlion that its 
vaintions aie the least sensible D AVill theiefoie be the point 
foi AAhirh theie will be the smallest possible diffeienccs bctAiccn 
the paths tlcsciibccl at the same instant b^ the elemental y Avaves 
AAhich have staited fiom the opening mn and consequently it 
IS theie that the most pcifcct accoi dance betAiceii then vibiations 
Avill cMst, if as we have supposed, the gieatcst diffoience^ do 
not exceed a semi undulation It is at D th(5iofoie that the 
maximum of light will be found, and consequently ED amU be, 
foi this leason as Avell as foi all the otheis, the dnection of the 
luminous lay %n the crystal Now if the scicen be xemoved, it 
Aull still be tiue that the i efuictedi ays whxch stait fiom the 
vauous points of the incident wave, considered then as indefinite, 
aic paiallcl to ED, that is to say, to the ladms vectoi duccted 
tow aids that point of the smfatc of an mteiioi waAc foi aaIiicIi 
the tangent plane is paiallel to the lefi acted wave 

The meaning to be attached to the w oid luminous i being 
thus settled \ac sec that the ellipsoid consUucted on the same 
lectangulai a%es as the suiface of clasi icily, gives iigoiously^ 
by the two semi axes of its diamclial section, the velocities of 
the 1 efi acted i ays pel pendiculai to this section^ as the analogous 
constiuctiou made in the suiface of elasticity gives the velocities 
ol piopagation of waves paiallcl to the diametial section, these 
velocities being leckoned peipendiculaily to the plane of iho 
Avaves rims undei stood, the fii st oonsLi action is a mathematical 
consequence of the second, and lopicscnts the phmnomcna in ns 
iigoious a maiinei, whatcvci muj be the cncigy of the double 
lefi action oi the inequality of the Ihiee axes c 

In tianslatmg into the language of the emission system the 
law of Iluygeifa foi the double lofyjclion of Iceland spai M do 
Laplace has found, by an elegant application of the pimciple of 
least action, that the difleiencc between the squnies of the vela 
vox Y PATH win V 
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cities of the two beams^ oidniary and c^tiaoidinary^ is pi’opoi- 
tional to the square of the sine of the angle which the cxtiaor- 
clinary lay makes with the axis of the crystal. Guided by ana- 
logy, M. Biot has thought that m bi-axal crystals the same clif- ' 
ference ought to be propoitional to the pioduct of the siiiea of 
the angles which the cxtiaoidinaiy lay makes with each of the 
optic axes, a product which becomes equal to the squaic of the 
sine when these two axes aie muted into one only, M, Biot has 
vended this law by numerous experiments, having for tlicu 
object to determine the angle of divcigcncc of the oi dinar y and 
of the extiaordinary beam, lie has compaicd these measures 
with the numbers deduced from the law of the pioduct of the 
sines by the piinciple of least action^ and has always found a satis- 
factory accordance between the results of calculation and those of 
experiment In transforming the formulm given pi eviously by Sir 
David Blows ter, M, Biot has discovered that the law of the pro- 
duct of the sines to which he had been led by analogy, was im- 
plicitly contained in the more complicated formula deduced by 
Sir David Brewster from bis observations, lienco the expen- 
ments of the 'Scotch experimenter, as well as those of M. Biol, 
establish the accuracy of the law of the pioduct of the sines. 
In order to translate it into the language of the wave theory, it 
must bc^rccollected that in it the velocities of the incident and 
refracted rays aie in the inverse latio of that which they would 
have in the emission system ; hence, the diffeience of tho squares 
of the velocities of the ordinary and extraordinaiy beam, consi- 
dered under the point of view of this system, answei m that of 
the wave system to the diiferonce of the quotients of unity divided 
by the squares of the velocities of the same rays. Now I ahall 
demonstx*ate that this latter difference must be in reality equal 
to a constant factor multiplied by the product of the two siuca, 
according to the construction which I have given for detcrnriiiiiig 
the velocity of the luminous rays by a normal section made lu 
the ellipsoid constructed on the three axes of elasticity. 

Theoi eiical Demonstration of the Law o/MM. Biot and Brewster 
on the d^e^^ence of the squai es of the velociiics^ 

Let B and C (fig, 13) be the gieatest and least diameters 
of the ellipsoid , the former I always take for the axis of {^)y and 
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the second foi the axis of (^), the 
mean diametci coinciding m ith the 
axis of (?/), pi oj ccted m A, the centi c 
of the ellipsoid If ne give the 
name of o'piic acoes of the medium 
to the ducctions along \^hich the 
luminous lays which tiavcise it can 
have only one velocity^, those w Inch 
possess this piopci tj aie^ accoi ding 
to the consti action which dctei 
mines the velocity of the luminous lays the two dnmetus of the 
ellipsoid peipendiculai to the cuculai sections Next, let the 
equation to the ellipsoid be 

yM A - 1 

If in this we put ?/ = 0 , we shall have + A 1 foi the 
equation to the ellipse C M B N M' situated m the plane 
of the figuie which we shall suppose to coincide with that of ^ 
The tw 0 diametial planes M and N w Inch cut the ellipsoid 
in a ciicle, pass thiough the mean axis piojected m A, and must 
be inclined to the axis of % at an angle {%) such that the semi 
diameters A M and A N may be equal to the mean semi axis of 
the ellipsoid oi that the squaies of the foimei may be equal to 

the squaie of the lattei, which is Denote AM oi AN by 

(?), we shall have 

;2f ? sin ly and ? cos % 

Substituting these values m the equation to the ellipse 
^ 1 , we have 

cos®« 


01, since — 3 

r 


whence we obtain 


/coa® 4 -f A 


sin* ^ =: 


y-A^ 


cos® % ; 




tan® i = 


y- 

A 


Hence the equation to the plane A M is ^ ^ 

that to the plane AN of the othci cuculai section 

V (j^h 


V 2 
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Let y (i^s be the equation to a diametial plane cliawn 

peipondicularly to a luminous lay of any ducction , we have to 
calculate the difference between the two quotients of unity divided 
successively by the squaiea of the semi-axes of its elliptical sec- 
tion, as a function of the angles Mhich this plane makes with the 
two Guculai sections; foi these angles are equal to those which 
the noimal to this plane, oi the luminous ray, makes with the 
noimals to the two ciiculai sections, that is to say, with the two 
optic axes of the ciystah Now if wo denote by (m) the angle 
contained between the plane y t= p a + and the circular sec- 
tion MM^, and by (?i) the angle which it makes with the other 
circular section NN', ^^e have 


P q g — h 

cos m = 

— h X -v^l + -f (f 
and 


COS?l 

whence we have 


. i L -h !7 a :rJl . 

Vf — A X v" 1 4. 


and 


2! — (/ ^ ff ) ^ 

P^ ^ {g A) (cos n + cos 



if— (// h) (cos n + cos — if-g) (f—h) (cos - 00s m)^ + 4 (/- g) { g - A) 
(/^ A) [g ^ h) (cosn + cos m)^ 

Let uB now calculate the two diameters of the elliptical section, 
which give the velocities of the ordinary and extraordinary ray 
perpendicularly to the plane of this section. To this end it is 
sufficient to form the polar equation to the ellipsoid, and to seek 
the maximum and minimum values of the ladius vector in this 
plane. Let a? = « y and z ^ fty the general equations to the 
radius vector ; the squaie of its length will be equal to + 

or to f/® + (y) corresponding to the point of intersec- 

tion of the straight line with the surface of the ellipsoid, The 
equations to the straight line and to the surface being true at 
the same time for this point, wc have 7/ -h A + i/) ^ 1 ; 

whence we obtain ^ ^ ^ ^ and consequently tlic 

square of the radius vector is equal to 


an ex-' 
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piession which we shall put equal to y so that the vnuable (^) 

ma) icpiesenfc unity divided by the squaie of the laclms vectoi 
We obtain thus the polai equation of the ellipsoid 

of uhich Petit has made so elegant an application to the geneial 
discussion of sui faces of the second degiee 

lo cxpi ess that the paiticulai ladms vectoi ueaie consideimg 
18 Gontamed in the plane + we muslwiite 

an equation which being diffeientmted with lespect to («) and 
(/ 3 ) gives 

- E 

da q 

If we diffeientiate m the same ay the polax equation of the 
ellipsoid, consideimg (/ 3 ) and (if) as functions of (a), we have 

2/«H2/il3 + + +2/«+2i 


01, putting foi the above value — 

2qfa — 22)h^ — 2tqa + ^ - 4 “, 

Cl a 

whence we get 

df _ 2q/u — 2ph^’— 2/g« + 2/j!}/3 
da ^ 1 H** 4- /3^ 

When the ladius vectoi attains its maximum ox its minimum 
(/) 18 at its maximum oi minimum, and consequently ^ ^ ^ > 
theiefoie 

2qfa — '2^4/3 + 2/^/3 = 0, 

or 

cq{t-f)~^p (^-A)=0 
If we ]om to this i elation the equation of condition, 

5/3 =: 1 , 

which expresses that the ladius vcctoi is contained in the plane 
of the elliptical section, wc obtain the following values of («) 
and (/ 3 ), coirespondmg to the maximum and minimum values 
of the ladms vector, 
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We may put the polav equation of the ellipsoid unclcr the form 

nnd substituting lor (a) and (/3) thcii' values, we have 
{i - hf {t-f) + {t -ff {(-Ji) 

or 

(<! -/) - *) + 'f ”/)] 

+ [/ {i~f)Y=Oi 

or lastly, suppressing the common factor [i—h) + 5® 

{i~/) {i~g) {t-h) + q^ (I-/) {i~g)=^0, 

nn equation of the second degree, whicli ought to give at the 
same tune the ina\imum and minimura values of (/), that lo 
say, the two values of (/) which correspond to those of the semi- 
axes of the clUplical section. 

We may divide this equation by (jP), and put it unclcr the 
form 

ii-f) {i-h).^+it-g) {i-f) (#-y) = 0. 

And aubstituling for^ the values which we have above 

found in functions of the angles {m) and («), we aiiivc, aller 
sovcial reductions, at the equation 

i®— L[/H-A— +/A+-^(cos®»-f co 8 ®ot) (./* — /t)® 

— -^cos» . cosjw {p — A®) = 0 5 
\vliGncc we obtain 


t (/-I- h) -y(/— /t)cos«.cosm 


— (/ •^ A) V 1 + coa^ n cos^ y/t — cos^ n — cos^ 7?iy 
2 


or 


I — (/+7i) — i(/— A)coswcoswi± A) smn • sin i 


* The two values of (/)» which give tho q^uotionts of unity cIivuIgiI siiccods- 
ivcly by the 8<;iiarc<j of mo velocitlos of the oulinary mid of tho OKtiaoitliimiy 
lay/ may bo put iiudoi the following foim ^ 

t ^ (/+ A) — if- A) cos im H- n), 


and 


-jj (/+ A) - — (/- A) cos (w — 91). 
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thcrefoic the diffeiencc between the two values of (t)^ oi the 
qtiantity sought, is equal to 

(/ — h) sin n sm 7 n 

consequently this diffeicnce is piopoitionalto the pioduct of the 
sines ot the tuo angles (m) and {7 ^ , which was to be pioved 
The angles conceined aie those which the common diiection 
of the oidmaiy and extiaoidinaiy lays makes with the two dia 
mcteis of the ellipsoid peipcndiculai to the ciiculai sections, 
hich diamcteis wc have called optic cnes admitting that this 
name ought to be given to the two diiections along which the 
iumtnous 7 ays tiaveise the ciystal without undeigoing in it any 
double lefi action But it is to be lemaiked that in geneial these 
lays meet the clement of the smfacc of the luminous wa\es to 
^\hlcll they coiicspond obliquely Now we have pieviously 
pointed out, that if the suiface of the ciystal weie paiallcl to this 
element 01 to its tangent plane the noimal diiection would be 
that which must be given to the incident beam in order that it 
might not undcigo double lefi action in penetiatmg into the 
ciystal whence it woidd appeal that wc ought also to give the 
name of optic aies to these two dnections of the incident lays 
nhich do not coincide with the two 1101 mals to the ciiculai sec 
tions of tlie ellipsoid Hence the diiection of the optic axes 
n ould be diffuent accoiding as wc detei mined it by the diiection 
of the mciduit 7 ays peipcndiculai at the same time to the &ui 
face of the incident waves and the lefi acted waves 01 by the 
dll ection of the 7 efy acted 1 ays coi ) espo 7 ubny to these waves In 
i i uth this dilfei once is 1 ciy slight m almost all ciystals w itli two 
axes , but theie aie some of them iii which it becomes moie per 
cex>tible, and wheic the two duections can no longci be con 
founded That to which it appeals most fitting to give the name 
of optic aits oj the € 7 ystal is the diiection of the 7 ef 7 acted 7 ays 
w Inch ti avei se it w ithout undei going double 1 efi action A.dopt 

mg this definition, the law of the pioduct of the sines of the 
angles which any lay makes with the two optic axes, becomes a 
iigoious consequence of om thcoiy, as wc have just pioved 
Hitheiio wc ha^e occupied ouiselves solely with the velocity 
and the direction of the waves and lays we now pioceed to m 
vc^tigite then planes of polaiization 
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Planes of Pclarizulittti of 0 }dinaiy and Extraordznmy Troves. 

AccoicUng to wlvatwe have said at the commencomont of this 
mcmoii’, in deducing our hypothesis as to the natuie of luminous *• 
vibrations from the phtetioraena presented by the inteiference ot 
polaiissed rays, the plane of polaiization must he paiallel ov pci- 
pendicular to the diicction of the luminous vibiations. It ic- 
Ttiaiua only to choose between these two directions that which 
agi’cca with the usual acceptation. Now the name plane of 
polarization of the oidinary beam m uni-axal ciyatals is given to 
the plane dinwn through this beam parallel to the aNia of the 
crystal; and it is clear that the oiduiaiy vibrations, that is to 
say, those \i Inch always call into play the same elasticity, are 
the vibialions pcipendiculai to the axis of the ciystal ; m 
in the case of crystals with one axis, the surface of elasticity be- 
comes a suifaco of i evolution, and each diametral section has 
always its gieatcst oi least ladius vectoi situated on the iiilcr- 
scctioii of its plane with the equator; it is theiefore this radius 
vector which icmains constant, since the equatoi is a ciiclc, and 
which consequently gives the direction of the oidinai'y vibra- 
tions } whence we sec that these vibrations aie always piei pciuli- 
cular to the axis of the crystal. Hence the jilanc drawn through 
this axis and Uic ordinaiy lay is perpendicular to these vibra- 
tions, since they aie also peipendicular to the oidiriavy layby 
reason of the spheiicity ot the rvave to which they belong ; but 
this plane is piecisely, as we have just said, that whicli it has 
been agiecd to call the plane of polat izaiton of the oi'd'mary ray ; 
hence we shall give the name ot plane of polarization of a lumi- 
nous wave to the plane normal to the direction qf its vibrations. 
This theoretical deflnition agices with the meaning attnclicd to 
the expression “plane of polui izahon” in the emission system, 
80 long as the wave is sphcncal and its vibiations perpendicular 
to the luminous ray, because then the plane of polaiuzatiou 
always passes tbiough the ray; but when the vibrations arc 
oblique to the ray, the plane of polaiization, which ouglit to ho 
perpendicular to them according to our definition, no longer 
contains the luminous ray, whilst in the emission system it is 
supposed to be always directed along this ray, Heircc, the same 
diiection piecisely would not he assigned m the two tlieorics to 
the planes o( polarization of luminous rays in media where theli 
waves no longer have the sphei leal form. But, m the fivsst place, 
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this diffeience Mould be aluajs veiy slight^ because the suitace 
of the luminous waves does not deviate much fiom the sphtiical 
foim even in those ciystals uhoso double lefi action is most 
powerful m the second place it becomes uaele s to take any 
account of it foi the expeunients made by M Biot and the othei 
expeiimenteis on the direction of the planes of polaiization of 
the oidiiiaiy and extiaoidinaiy lays, since it is aluaya outside 
the ciystal and by the diiection of the planes of polaiization of 
the incident oi emeigent lays, that they have judged of the dnec 
tion of the planes of polaiization of the lefiacted lays ihus 
fox example, suppose that wo wished to deteimine the planes of 
polaiization of the oidinaiy and extiaoidinaiy lefi action in a 
cij St illized plate Mith paiallel faces peipendiculai to the incident 
lays Toi tins puipose it is sufficient to employ light pieviously 
polaiized and to turn the plate m its plane until the emeigent 
team, analysed by a piism oi rhomboid of Iceland spat, no longei 
presents any tiace of depolaiuation m consequence of its passage 
acioss the ciystalhzed plate When this condition is fulfilled, 
we may conclude fiom it that the plane of polaiization of the 
lefiacted nave coincides with that of the incident wave Theie 
aie always two positions of the plate which satisfy this condition 
nnd thus affoid the means of tiacing on the ciystal the duection 
of the planes of polaiization of the oidinaiy and extiaoidinaiy 
lefi action In this expenment the incident wave being paiallel 
to the faces of the ciystallized plate pieseives this paiallelism 
in tiaversing it and if the duection of the vibiations of the in 
cident wave coincides with that of one of the* axes of the paiallel 
diametial section made in the sniface of elasticity they will suf 
fei no fuifchei cle\iation in tiavei^ung the cijstal in that case, 
the incident lefiacted and emeigent waves have all thiee the 
same plane of polaiization and then sui faces aic paiallel, although 
moieovei the lefi acted lays may be oblique to then wive, and 
thus not be found on the pi elongation of the incident and emer 
§yent lays In this case the definition of the plane of polaiiza 
tion acGOiding to the emission system no longei gives iigoiously 
fox the plane of pohiization of the lefi acted laya the same diiec 
tion as the definition diawn fiom oui theoiy although they agiee 
in othei lespeois as to the duection of the planes of polaiization 
of the incident and emeigent lays the only ones which can be 
detenmned immediately by obseivation 

Consideimg always as the true plane of pel uiz ition that which 
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IS peipencliculai to the luminous vibiations, I shall now piove 
that the planes of polaiization of the oidmary and exUaoidinaiy 
waves divide into two equal paits the dihcdial angles foimed by 
the two planes diau n along the noimal to the Mavc> and the tuo 
noimals to the planes of the cuculai sections of the sin face of 
elasticity 

The lule given hy M Biot fot dcteiminmg the diicciionof the 
planes of polaixzatton of the oxdmaiy and exhaoidinaiy lay^ 
aqi ees mill the tlieo'i y set fox tli in this memoii 
Suppose^ in fact, that this suiface be cut by a diamciial plane 
panllel to the Mave> the two ax:cs of this section will give the 
dnections of the oidmaiy and evtiaoidmaiy vibi aliens, if then 
we chaw thiough the centie two planes peipcndieiilai to these 
two diametciSj these Mill be the planes ol polaiizaiion icspcci 
ivoly of the oidinaiy and extiaoidinaiy vibiations Now iL must 
be lemaiked, — 1st, that they uill each pass thiougli one of the 
a\es of the section, since these lattci aic pcipcndiculai to each 
othei , 2nd, that the axes of the diamctial section cutting it each 
into two symmctucal poitions, must divide into equal paits the 
acute and obtuse angles foimed by the two lines along winch 
the iilane of this section meets those of the ciiculai sections, 
since in these two ducctions the ladii vcctoics of the diametial 
section aic equal to each othei, as belonging at the same time to 
two cuculai sections which have the same diamctci 

Thi<« being established, conceive a sphcie conccniiic with the 
surface of elasticity , the plane of the diamctial section, and the 
two planes of the cuculai sections, will tnce on this spheio a 
sphcucal tuangle, of winch the side contained m the fiiat plane 
will be divided into tw o equal parts by one of tlio plants of 
polarization, its supplementaiy tuangle will be that foimed by 
the noimals of these thiee planes diawn tlnough the common 
centic, tint is to say, which will lesult from the mtcisccUon of 
thespheucal suiface with the thiee planes diawn along these 
thice noimals taken two and two Now the planes which divide 
into two equal paits the sides of the fiist tuangle also divide 
into two equal paits the angles of the second, this is an easily 
pioved piopcity of supplementaiy tiiangles ^Theicfoie the 
plane of polaiization, which divides into two equal parts the 
side of the fiist tuangle computed m the diamctial section, 
chvides also into two equal puts the coiiesponding angle of the 
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second timngle, tliat is^ the dihednl angle foimed by tlie two 
phnea diawu along the normal to the 'v^ave and the diametcis 
peipendiculai to the two cncuhi sections and fox the same 
reason, the othei plane of polaiization^ull divide into tuo equal 
paits the suiipletnent of this dihcdial angle 

M Bxot has deduced fiom his obseivations on the double le 
fi action of topaz and seveial otliei bi axal uystals^ the following 
lulc foi deturainiiig the diiection of the planes of polaii/ation 
of the 01 din'll y and cxtiaoidmaiy lays 

^ Concen e a plane diav n thiough each of the axes of the ciy 
stal, and thiough the xay which undeigoes the oidmaiy xefiac 
tion Conceive thiough this same lay a thud phne^ “uhich 
bisects the diheclial angle foimed by the two foimei The lumi 
nous molecules which have undcit,one the oulmaxy iclnction 
axe pohiized in this intcimediate plane, and the molecules 
which have undeigone the extiaoidinaiyicfiaction axe polarized 
peipeucliculaily to the intermediate plane diawn thiough the cx 
txaoidinaiy lay accoiding to the same conditions {P^dets Eld 
mental) i de Physique Expeitmentaley vol n page 502 ) 

The lines which M Biot heie calls the a'ves of the mystal^ axe 
those winch we have called optic aoi^es VVe have icmaiked, that 
m oiclci to assimilate in the best mannei possible the language 
of the unduhtoiy system with that of the emission theoiy, we 
ouglit to give the name of optic avis to the diiection along winch 
the luminous lays tiaveise the ciystal without undeigoing double 
lefiaction , and adopting this definition, wc have pioved that the 
law of the piocluct of the two sines is a iicccssni} consequence 
of oin thcoiy The same is not iiue foi the lule of M Biot 
lelative to the deteimination of the pianos of polaiization IIis 
enunciation docs not exactly ngiee with the consti action which 
wc have deduced fiom the piopcities of the suifacc of elasticity, 
because the clihedial angles bisected by the planes of polaiization 
accoiding to this consti notion aie diawn along the noimnl to the 
wave and the two noxmalalo the ciiculai sections of the auxface 
of elasticity, and m gencini the noimal to the wave does not 
coincide exactly with the diiection of the icfx acted xay, noi the 
noimala to the ciiculai sections of the same suiface with tlic 
tuie optic a\cs,,w Inch aie the peipendiculai s to the cnculai sec 
tiona of the ellipsoid In tuith, the geomciiical thcoicm whioh 
wc have dcmonstiatcd fox the siufacc of elasticity applies equally 
to the ellipsoid but the gieatcst and least ladiiis vccioi of the 
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diametral section made in the ellipsoid perpcndiculni'ly to llm 
direction of the luminous ray^ do not now give the dn oct ion of iu 
vihiations; so that the planes which are perpcndioulf^ti* them 
aie no longei the tme planes of polaiization of iho lohnuded 
waves The lule of M, Biot theiefore docs not iigoro ngree 
with our theoiy. But it must be recollected,- — 1st, tliat in l\xt> 
crystals employed by him, the noi mah to the circulfi*'' surliom 
of the suiface of elasticity differ so little from the dii cotiou ol the 
tiue optic axes, that they might be confounded without j>rodiiinng 
any sensible error in the duection of the planes of pt)]i^viAuiiou \ 
2nd, that in the same ciystals the rays directed nlong the 
optic axes aie neaily noimal to the coiresponding wfivca j 3r(h 
that this skilful experimenter could only determine clii'cctly llm 
plane of polaiization of the incident or emcigeni bcanXH^ xuid not 
that of the refracted lays* The small diffei cnees which <no hero 
indicated to us by the theory, ivould doubtless be Ycvy tliiliruH 
to observe, even in those bi-a\al ciystals xvhosc double refinclion 
IS most powerful, foi we cannot determine very nccjtii'filcly by 
the known methods the duection of the plane of pohiriSs^nUou of 
a luminous ray, and there is here an additional difficLiHy^ dial 
of fixing the duection of the plane of polaiization in i!io inlci lor 
of the crystal from observations made on the cnnorgoiib raySi 
Hence, far fiom seeing an objection against our thcox*y in tlio 
lule given by M Biot, it ought lathei to be considcivcl iiB being 
a confimiation of it, since the small discoi dance which exists 
bet\^een them must necessarily have escaped his obaorv^KlionSi 


Most eryslals present hut Utile diference between i?tc jj limes of 
the ciicuhr sections of the smface of elasticity anil of Ihc 
elhpsoid constructed on the same awes. 

The two circular sections of the surface of elasticity ore equally 
inchned to the plane of xy, winch passes llnough t.hc moan 
axis , and th e tangent of tins inclination is, ns wo bnvo seen, 

s / tangent of the angle which the two eiicular 


sections of the 
a V 


ellipsoid make with the same plane is ccjuul to 
We see by these formula), that when the double 


refraction is not veiy powerful, that is, vihcn (o) differs lit Lie f,om 
(c), - being nearly equal to unity, the planes of the circiular 
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sections of tlie tvio suifaccs aie sensibly coinculcnt 1 oi iopn/ 

the ifltio 13 0 9959, foi anhychous sulphate ol lime one ot 

tlie bi nxal ciystals whose double lefi action is most ponciful 
this same latio accoulmg to the ob&eivations ol M lliot, i^i 
equal to 0 97^5'*' 


Obsei val^ons on the i oute of the Waves and luminous j ays in 
the diiection of the optic axes 

It IS to the cnculai sections of the siufacc of elasticity that a 
plane wa\e must be paiallel in the intciioi of a cijatal, m oiclci 
that it tmy be theie susceptible of only one velocity of piopaga 
tion and this condition is satisfied when the plate of ciystal, 
cut paiallel to the cucuhi sections of the siiitaco of elasticity, is 
piesented peipendiculaily to the luminous beam But it is to 
be lemaiked tint the oidmaiy and extraoidinaiy lays lesultmg 
fiom It do not follow the same duection, and deviate a little, 
both the one and the other, fiom the noimal to the cnculai sec 
tion of the ellipsoid This is moie easily seen by a icfcicnce to 
fig 1 1, which lepi tsents the inteiscction of the pi me of ^ x? with 
the two sheets of the wave suiface, and m which the cllipticity 
of one of them is exaggciated to lendei the divcigcnco of the 
lays moie peieeptiblc 

This inteiscction is composed of a ciicic and an ellipse, whosi 
equations me 

3® + £■** = If and a H = a® e® 

The plane 1 S, dnwn jiaiallel to the cucuhu section of the sm 
face of elasticity, and distant fiom the centic A by a qiumtilj 
equal to (i), touches at the same tunc the ciiclc and the ellipse 


* Aooouling to tlio obscivnlioiis of M I3int tlio niiglo botweoii tlio two opto 
nx s m limpid topaf is G > 112 mut ni aiiliydions snluluito of hino 1 
winch giv 09 3 37 ' 1 nm U2 20 * 1 1 foi the viiliic of the nii{,lo whoso taiifcoiit 

la icpicsanted by losults Aom tlio snmo nionsuios that the 

angle which has foi its tniigoiit isin lliDfoniici ciysliil (1 10' 2o'' 

and in the second 22 64' 13 IIoiico the (liflbioncc of diicetioii botnoon tlio 
circular sectiom of^bo ellipsoid and of the suifnco of olasliuty is only 0' 21 ' foi 
toi Jiz and 3 1' 2 " for anhydrous sulphate of lime ^ 

Notf —rite seconds marked in the value of llio angles given b\ M Biot 
Y° beio transoubed do not signify that tlio pictision ofnionsuie 

angle of tlio ojjlro nxes vitliiii Imlf n d^gjeu luajly 
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in E and 0, the points of contact of this plane with ^ fliu'faer 
of the wave , hence the mdii vectorcs A O and A E ar^ uu ac- 

tions of the ordinnriy uiul ev 


Fig. 14. 



mal to the circnlnv section of the 
the optic aMS* Wc find for the 


traordinai y rays c'on’o- 

spond to the piano wavn 1 
parallel to the civc tiloi hoc (ion 
of the surface of claBii^dty; and 
they travel sc the ^ s s* 

in the same intci <>f time, 
although by following diflei*- 
cnl loulea Tho r^ailiuH vec- 
tor AL^ drawn to the luiint 
of intersection oF tdlipwe 
and circle, and fox* ^vhlOh the 
two values obtaiuocT^ fiom the 
ccpiation to tho wnvo licoonio 
equal, is the direction (dong 
wliich the luminotts can 
have only one vcltioity^ and 
consequently that oJf tim nor- 
olhpsoid, which we liavo called 
tangents of the aii 4 :^lcH xvhicli 


these three radii vectorcs make with the axis of 


tan 0 A r ‘^T'V ci^ — 

t.nEAT = y'‘;^; 

« ^ H 

We see that these expressions cllrtbr only by the facfcoi’s p, 

which in most crystals are very nearly equal to unity. 

All tho ordinary and extraordinary rays parallel to A Irn- 
verse the crystal in the same intcrvol of time and xvitli the same 
velocity*!', because they also follow the same path i but they 
necessarily diverge outside the crystal, because the txx'^o tangent 
planes drawn through the point L to the two sheets ot* the wave 
surface make with each other a sensible angle. Oii. the con- 
trary, the rays AE and AO, wliich lake also t^c same time in 


• Whatovei bo tbo diroctioiia of tho foceo of cntiaooo nutl oinni f^oiicoj .moo 
these rays follow tho same route L A , whilst tho rny s E A nud O jV d ouo 1 lake 
oxaotly the soiao timo to travoiso tho orystolliiio plate, oxeopt wliuii its fntos 
ta ana t's* are paiallol to ono of tlie circiilnr soctions of tho am fnco of ol aeilclty 
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tifiveiBiing the plate although both following diflcicnt 

cliicctions agniu become paialld to Lach othci outside the ciy 
stal When the face of emugcucL of the lefiading medium is 
fnacle to vaiy its inclination the lay ]' A, and that one of Ihe 
two lays LA which belongs to the same sheet i I , aic lefi acted 
confoimably to the law of Pcscnitcs, whilst the lay O A, and 
tlae othei lay diiccted along LA which nnswcis to the second 
sheet L O, aie lehacted e\tinoidinaiily 1 his establishes a yet 
toiTthci diffeience betvieon the chniactcis of the optic a\C8 ol 
Xixii axal and bi axal ciystals foi in the foiinci all the lays 
X>aiallel to the optic axis in the intciioi of tlu ciystal me lefiai ted 
accoiding to the law of Bescaitcs, whatevei be tlu dncction and 
inclination of the face of cmeigencc, because these lays being 
tlxen painllcl to one of the axes of elasticity, aic pcipcndiculai at 
tlie same time to the two sheets of the wave suifacc 

Having dwelt on distinctions which the thcoiy shows clcaily, 
but which escape m most obseivations, and weic not capable of 
being made evident by those of M Biol, wc piocoed to considci 
fox a moment the planes of polau/ntion in a less iigoious man 
nei, and adopt the lulc winch he has given foi doteiminuig 
tlxeir dnection, without any altoiatiou of lus enunciation, m 
oidei that we maybe enabled to explain oiu selves in a mine 
simple and clcrnci mannci 

yVit tays named Oidinaiy by MM Biot and Bicwstci ate iJme 
whose vai lations of velocity have the least exUnl 

As we have nheady icmailccd, theic is no lolled any oidimuy 
ray, piopeily so called, in ciystals with two axes, since neilhci 
of the two beams of light travel scs the ciystal with the same 
velocity in all diieelions, but that which is culled the oidmaiy 
beam, by analogy with the tcim adopted loi uni axal ciystals, is 
tliat whose vaiiations of velocity nio the least sensible Now 
ifc IS easy to see that this is the one whose plane of polaii/ation 
bisects the acute dihedral angle compu&ed between the planes 
drawn thiough the dncction of the luminous lays and the two 
ojplic axes, whilst the plane of polnii^alion of the beam which 
xindcigocs the gieatcst vaiiations of velocity, bisects the obtuse 
dibedial angle which is the supiilemcnt of the foimei 

In fact, whatever be the dncction of the flist beam, Its piano 
of iiolaiization passing within the acute angle Q,Ajp(fig 16) 
of the two optic axes, its tiace on the plane of the figme is con 
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tamed in the intenor of this angle j and consequently tlie pio- 
jection of the cUametei’ of the ellipsoid perpendicular to the piano 
of nolaiization, which is noimal to the trace of this plane, is 


p jg Iiecessnniy found to /o”' 

^ tamed in the acute nnp;lc MAW 

or M^AN' of the two circular 

# sections, since they are normal 

to the optic axes P P^ Q. (V ; 
therefoie tins diameter cannot 
^ meet the sin face of the ellipsoid 
outside of the two pcirt*^ whoso 
piojections have for ihcir limits 
MB'N^Vaiid MBNAj biitif 
fioin the point A ns centio, mid 
with radius equal to Unit of the 
circulai sections, a sphere be desciibed^ its surface will pass be*' 


neath that of the ellipsoid in these two paits. 

Hence none of the diameters of the ellipsoid pi ejected in the 
angular space MAN, M'AN^ will be smaller than the diamclcv 
MM' of the cheulav sections, which is equal to the tnean axis 
of the ellipsoid, the length of the ladii vectores corrcs])onchng 
to tins part of the smface has thcicfore for limits, on ouo side 


the semi-major axis, and on the other the semi-monn a\i8. 

In the same way it might be shown that the length of the 
radii vectores which give the measure of the velocitioa of the 
second luminous beam, is compiised between the semi* mean 
axis and the semi-minoi axis Now, in the case represented by 
fig. 15, where the minor axis of elasticity divides the acute angle 
of the two optic axes, and the major axis the obtuse angle, there is 
a greater difference between the minor axis and the mciui axis 


than between this latter and the major axis, as w^c sec by the 

* c f V?" 

expiession — W for the tangent of the angle w liich the 


planes of the ciiculai sections make with the major nxm ; for 
this angle being less than 45° by hypothesis, w^e have 
A {W’ — c\ or neaily (a — A) c), suppressing the com- 

mon factois c (a + 5) and a (5 + c) as being sensibly equal. 

The reasonings we have entered into for the fllipgoid may be 
applied just as well to the surface of elasticity, which gives by 
the axes of its diametral sections the true directions of tliG lumi- 
nous vibrations, and consequently those of their planes of polori- 
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?-atjon pel pcndiculai to tlusc \ibinlHni', Onij, the \clociliu 
which we should then conaidci would no lon^^n he those of the 
lunniious nys, but those ol the waits uunsuHd on the iioinml 
to then suifiice, and the two planes loimm{, the acute and oh 
tuse dihcdial angles which the planes of pohiu/ntion dnuledich 
into tw 0 equal pai ta, instead of passing tluon„li Uu hiininous 
rtiy and the optic nKCS piopcily so called, would be duiwu aloii^ 
the noimnl to the wave and the noi mills to tin two eiKiilai so( 
tions of the suiface of clastieity llie InUtJintol Uienielmilion 


of these sections to the semi miyoi axis 


(a) IS equal to 




6 ^ 


an expiesMon less than unity when unrt 

gicntei ^\hen {a^ - is 7 01^ mIucIi comes ncnily to 

tile same thing, when {a -- b) y (b -- c) In this second cast, 
tile angle of the t\^o cuculai sections, 01 of then noinials uluch 
contains the mmoi axis (c), is theicfoio obtuse, whilst it is acute 
^11 the fiist case 

Hence the waves whoso pianos of polaii/ation aie compusctl 
la the acute angle between the Uo pianos diawn along the noi 
mal to the wave, and the noimals to the planes of Llit ciiculm 
sections aie those whoso velocities of piopagation vniy bciwccu 
the naiiowcst limits, whilst the velocities of (he waves whoso 
ploncs of polaiization pass within the obtuse dihcdial angle im 
dergo moie extensive vaunlions It is theiefoio natuial to call 
the lays concsponding to the founci ordmm y 1 a?js^ and those 
of the olhei wa\es ecoiiaoidmaiy uiys^ as M Biot and Sn Duvnl 
Eiewstei have done 


I^a^hculai case where time wotild no longa be any yeason^ for 
giving the name oj oidmauj lay to one oj the two b(ams y aiher 
than to the oihei 

A case is conceivable m which, the two beams undcj going 
vaiiations of velocity equally extensive, ihcio would no longci be 
any icason foi giving the name of oidmaiy beam to one lathei 
than the othei , this would be the case il the two optic axes 
vveie perpendicular to each othci, because then wo should lm^e 

^ \/ % ^ V ^ ^ ^ ^ ^ which sup 

poses that {a — b) is \eiy neaily equal to {b — c). Since we may 
VOli V PART xvin t» 
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suppress the factois [a -P b) and {h — c) MnihoLth sensibly 
alteiing the equation^ so long as («) docs not differ Ivom 

(e), that IS to say, so long as the double refraction has not a very 
gieateneigy. 

When toe have given the angle beiioeen the two oiylio uoceSy tl is 
sufficient to know two of thee constants^ a, b, c, i7i order lo 
detei mine the iJm iL 

It is sufficient to know (a) and (c), that is, the and 

least velocity of light in the crystal, together with the anglti be- 
tween the two optic axes, to determine the other seini-t’LXiB (/>), 

c / ^ 

since the tangent of half this angle is equal to ~ ^ 

a known function of thiee quantities, b and c. It* ^va8 by 
pin suing this method that I calculated, with the cIghicuIb of 
double left action given by M. 13iot for topaz, the variations of 
velocity which the oidinaiy beam must undergo iii bcfoio 
seeking to verify them by expenment, and I found ibcni very 
neaily such as the calculation had given me. The theory nlsu 
pointed out to me in what duection the oidinary beam hncl the 
most diffeient velocities. 

For topaz it is the smallest axis of the suiface of elasticity or 
of the ellipsoid which divides into equal paits the ncuto angle of 
the two optic axes, and the two limits of the velocities of tlio 
Oldinary lay are {a) and (i); now the oidinary beam has Iho 
velocity (a) when it is parallel to the axis of {y), since («) is the 
greatest radius vector of the perpendicular diametral section 
made in the ellipsoid, and since the corresj)onding plane of 
polarization, that is perpendicular to the radius vector (a), is 
also that of the ordinary beam, as passing within the acute angle 
of the two optic axes. The velocity of this same beam becomes 
equal to (^) when the light tiaverses the ciystal pni'allcl to tho 
axis of (r), because then the diamctial plane perpend lovilar to 
this duection cuts the ellipsoid in an ellipse whose greatest 
radius vector is (^). Moicover, the plane perpendicular to (A), 
or the coriesponding plane of polarization, belongs to tlic ordi- 
nary refraction ; for it is also contained in the acute unglo formed 
by the two planes cliawn along the luminous ray and cacli of the 
optic axes, a dihedral angle which then becomes equal to zei o, 
these two planes becoming coincident with that of tlxo two optic 
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Q\BS Ilcnce the thcoiy announced that the ouUnaiy be am must 
tiaveiSL the cijstal, successively along the (Incction which 
bisects the obtuse angle between the two aves, and pupen 
diculaily to then phne, m oidei to undcigo the most pciccptiblc 
vaiiations of velocity, and in accoidanco with this nidicaiioii it 
was that I made the fiist e\peiiment, by which 1 have pioved 
the existence of these vaiiations 

I have also m my expciimenta paiticulaily endcavoiued to 
nssuxe myself that the velocity of piopagation of luminous waves 
depends solely on the dncction of then vibiatioiis, oi on the 
plane of pohiization m the ciyatal, and that so long as tins 
plane does not change, the velocity of the lays icmains constant, 
Mhatevei moieovei maybe then dncction Difiuioiion nffoulcd 
me veiy delicate methods foi pei reiving the slightest difTeicnccs 
of velocity In tiuth, topaz is the only ciystal on which I have 
opeiated as yet, but I have sufficiently vaiied and multiplied 
my obseivationa to asauie myself at least that this theoieni is 
iigoiously exact in topaz, and it must bo supposed by analogy 
that it IS equally hue foi all othci bi axal ciystals Besides, 
without giving a complete demonatiation of it, the mcchnnicnl 
consideiations which I have sot foith on this subject establish m 
its favom veiy strong theoietical piobabihtics 

Reflechons on the pi obabihiies jiresented by tho Iheoiy 
eoLplatneil in this Mtmoii 

The theoiem which I have given, so admissible fiom its veiy 
simplicity, the mechanical definition of luminous vibiations dc 
duced flora the laws of inteihicnco of polauzcd lays, and the 
supposition that the homologous lines ol uystalh/ahon aic 
paiallcl tlnoughout the wliolo exteni of the icfi acting media 
which we have consideied, aic the thiec liypothescs, I might 
say the thiee principles, on which losfs the tlieoiy of double 
tLli action set foith lu this memon If we hud only to calculate 
one phpenomenon, such as that of intcifei cnees, which depends 
solely on the natuio of luminous vibiations, then definition 
would have sufficed foi the explanation of the facts But double 
refraction being the consequence of a paiticulai constitution of 
the lefiacting medium, it was absolutely nccessaiy to define this 
constitution, embodying howevei m the definition only that 
which was necessaiy foi the explanation of the plnenomenon 
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The theory which v^c have adopted, and the veiy cmhi- 

stuictions we have deduced fioni it, present this rcmuikablo 
charactei, that all the unknown quantities arc dclcrmni<^‘l 
same time by the solution of the problem. We find at thv naino 
time the velocity of the ordinary ray, that of the extruovclinaiy 
lay, and their planes of polaiizaiion. PhilosopherH ^vlio liiive 
studied vith attention the laws of nature will feel that Bini- 
plicity, and these intimate relations bcluccn the vaiiou« ]mitH of 
the phccnonienon, offer the greatest probabihlios in fuvou r of tlio 
theory by which they aic established 

A long time before having conceived it, and by the «<)lo con- 
sideration of facts, I had peioeivcd that the true oxphuwdion of 
double lefraction could not be discovcied without exphuinuK 
the same time the phenomenon of polarization which conHtiinlly 
accompanies it; thus it was after having found what mode of 
vibration constituted the polauzation of light, Hint I first ciiught 
sight of the mechanical causes of double icfiacUon. It upiicaved 
to me still moie evident that the velocities of tlic ordinal y luul 
extraoidmaiy beams ought to be in some sort the two roots of 
one and the same equation ; I have never been able to for 

a single instant the bypolhcsis, according to wlucli Uioro would 
be two different media, the icfiacting body and the oithor ^\hloh 
it contains, by one of which the extinordinary rays nvo Ivans- 
mitted, by the other the ordinary ones; in fact, if thowc iuo 
media could transmit scpaiatrly the luminous waves, oiu^ docH 
not see why the two velocities of propagation should ba ligo- 
rously equal m the greater number of icfracling bodies, and n by 
prisms of glass, water, alcohol, &c, should not thus divide tlio 
light into two distinct beams. 

We have supposed it to be the same vibrating mecliuin which, 
in bodies endowed with double refraction, propagates the ordi- 
nary and extraordinary waves, but without specify in fy m li other 
the molecules of the body paitlcipate in the luminous vibi ations, 
or whether these latter were alone propagated by the noth or con- 
tained in the body; oiii theory is equally well conciJiaLcal uilh 
either hypothesis. It is indeed more easy to comprehend^ in Uio 
first case, how the elasticity of one and the same rcfrnctiug me- 
dium may vary with the duectiou along whicl), tho nnolcciilar 
displacements take place; but it is conceivable nlsoj in tho 
second, that the molecules of tho body must influcnco the mutual 
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dependence of the etiata of ixithu bct^^cen which they mo 
bituT.ted and that they may be ai landed ui such a mannci that 
they weaken this inutu il dependence oi elasticity ot the mthei, 
moie m one diicction than anothei 

1 he phsenomeiion of disi)cision piovcs that the lays of diffcicnt 
coloms 01 waves of diffeient len^^tlH do not tiavcise bodies with 
the same velocity, whicli aiises doubtless fiom this^ that tlie 
elasticity put m play by the luminous waves vaiics with tlieir 
length When the spheie of activity of the moicciilai actions is 
supposed infimtcly small with ic^aid to the extent of an imdu 
lation^ analysis shows that the elasticity by which the waves aic 
piopa^^ated does not vaiy with then bieudth {la7ffeto)f but 
this IS no longei tiuc when the mutual dependence of the mole 
culcs extends to a sensible distance with legaul to the length of 
nn undulation It is easy to piove that, m this case, the elasti 
city put in play is latliei less foi nauovv waves {6hoiics) than 
foi bioadei waves, and that consequently the foimci must bo 
propagated lathci moie slowly than the second, confoimably to 
expeiiment* It hence lesults that the thicc semi axes a, 5, c, 
V Inch lepiesent the squaie loots of tlie elasticities put m play 
by the paiallel vibiations, oi the coiiespondmg velocities of pio 
pagation, must vaiy a little foi waves of diffcient bieadtlis {Im 
ffews) accoiding to the theoiynswcll as to expeiiment, now it 
IS possible that this vaiiaiion may not take place accoiding to 
the same latio between the thice axes^ m which case the angle 
foimed by the two ciiculai sections of the ellipsoid with each 
othei, and iheicfoie the angle between the two optic axes, 
may no longei be the same for lays ot dilTeient colouis, as Sn 
David Biewstei and Su J IIcisclicl have lemaiked in thegicatci 
numbei of bi axal ciystala 

The phenomenon of dispeision has peihapa yet otlicx causes 
than that which we have just indicated , but whatevci they may 
he, we must still conclude fiom the obscivations of these two 
skilful expel imenteis, that the lengths of the semi axes (a)^ {b), 
{c) do not vary in the same latio fox waves ol diffcient bieadtlis 
in ciystals wheic the optic axes change then dnection 

♦ lie demonstration of tins consequence of fho theory foi ms the ohjoctof 
Note IJ at the end of the memon [Jhero mo no notes at all to the luomoir 
1 1 uf I loyd in Ins Report on I hysical Optics to tlio Biltish Assoemtion lias 
1 Ginaiked that tin kmonstiation la more than oiico lefaiiod to by tlio authoi* 
fts contained m a note appended to ] is momoii on double lofuictlon The notC| 
liowc^ Cl piobabl) by some oveisight has never been printed — 'PnANS ] 


3S2 FllESNEIi ON DOUHLE llEFHACTION, 

With the nature of the luminous rnya; tins is at least 
explanation uhich can be given of it according to the thcoi^y act 
loitb in this memoir. 


The following Note icfcia to page 239, flcutence bcginiiiinf? 

Laplace, considering double refiaetion in the oiiiission-poiiit of view/' 
&c. &c 


With lefeicnce to this, Pi of. Lloyd ha*! the following notc’i hh 
* llepoiton Physical Optics to tlio Biitish Association* (Foui 111 
1834^, p 379). 

“Picsnel states, in the com men cement of his ^Memoir on l^oublo 
Refiaetion,* that Laplace had derived the velocity of tlic cstraoi ilhieuy 
ray m un!-axal ciystals from the hypothesis of a resullafit fotra aelliig 
111 a diiection peipoiidicular to the optic axis, and varying ns tho fn(uiuo 
of the sine of the angle which the lay makes witli timt lino* I liavo 
not been able to discovpi, in any of Laplace^s writings, tlio cliscu«aluii 
thus adverted to ” 

Laplace's investigation is contnnied in the second voluino of Iho 
Md?noi9es de Phi/stgKC et de Chtmta do la Socidid cVA'icuail^ 
111-14-3, from which the following extracts may piobably lutcj llm 
leadei. After icfeiring to the piinoiplo of least action, Lnplaco goes 
on to the particular hypothesis above alluded to?— 

*^Mais line condition A icmplir dans lo cas do la infraction oxtruordl- 
nane, cstquo lavitoeso du layon himmoux dniisleciiBtal, soit iiulCpon** 
dante de la manibre dont il y ost entr6, ot no doponde quo do an posi- 
tion par rapport A I'axo clu oristal, e'est-A-dire do J’angle quo co luyoii 
forme aveo une ligne parallAle A faxo. En offot, si Ton iinugiiio 
uiiG face arfiflciellc perpeudiculairo A Taxc, tons loa inyoii« hilC- 
iieuis ^galement Inclinds A cet axe lo sciont 6gnlomont A 111 fuoo, 
et seiont dvidemment soumia aux mOmes forces au aorlii dii ciisUd. 
Tous repiendront Icui vitesso primitivo dans le vulej. lu viLesBO duns 
lint^ncur eat done poui tous la inOnie. En partaut do ocrt duii- 
n6es, je paiviens aux deux Equations diffdrcntiollcs quo douiio lo 
cipc de la nioindre action, et clans Icsquclles la vitesso int^iiouKO cat 
line fonction ind6termin6c de Tangle quo le rayon i6fiaot6 ftiriuo 
aveclaxe dii oristal. J examine ensuito Ics deux cas los pluB BlmploHi 
iluxqucls je me boine, paicc qiTils lenformont Ics lois do vCivaclion 
jusqiTA present obsorv^os. Dans lo premier cas, le af^ri 6 do la vUosso 
de la luimere est augmont6 dans TintCiioiir du imlmu, d'unc qii£\nlU6 
constante On sait que cc cas est colm dcs milieux dmplmne& ordi- 
nanes et que cette constante expiime Taction du milieu Bur la UnniOic. 
Les deux equations jndoedentes montieiit qu'alors les Jiiiyons inciticnl et 
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xefractd sont clans uii mfimo plan poipLiHliculauo a k am face (Ui milieu 
Gt que Irs sinus cle angles qu ils foimeiit avcc la vcilicalo soni con 
stimment clans le m6me lappoit Apicis co picmiu cas Ic plus simplo 
Gst colm chns lequel 1 action du mihcu sui la lumitJie cst (l^aU il iino 
con tantc plus un teimo piopoitioiind lui cauC du cosiuus dc lani^lo 
cjue lo nyon icfiactc forme avoc la\o cai cottc action devant fitic la 
mtnio cle tons Its c6tCs do hm cllo no pent cKlpcndu quo dis puis 
sauces paires clu sinus et du cosinus do cot an I c I cxpicssiou clii 
cant de la vdesse intdieuie cst alois ck la m6mc foimo quo edit dt 
1 action du mihou Cn la subsUtuant dans ks Equations ddlciciUidlcs 
clu puncipc de la moindicj action jo ddcimino ks foi mules do icriac 
tion relatives a ce eas et je tiouvo qiicllos aoiit idcntiqucmcnt cdlca 
que donne la loi cl Huygens dou il suit quo ccltc loi satisfait il la 
1 018 an piincipe de la moindie action ct u la condition quo la vitcsso 
int6npuie ne depende que do langk foimo pai laxc ot pai lo nyou 
icfiactC ee qm no laisso aucun hou do doutci qu dio oat duo il dcs 
loices ivttiactives et iCpulsivos dont laction nest sensible quit dcs 
dibtanees in cnsibles » m # 

Dans lmt6rieui du crista) la vitcsse no depend quo clcs angles 
fonu68 pai la duection du raj on et pai des axes fixes dans InitCilcui 
du corps Supposons quil iiy ait quun axo ot quo V soit laiiglo 
foime par cette axe et par la cliioctioii du layon idfiaot^ v (tim vdo 
city of the refracted lay in the inteuoi of the ciystal) soia fonctlou 
de V * ^ ^ • Ces deux equations cloimCioufc 

la loi do la icfiactioii extiaoidmaiio lorsque v seia donnC on fonctiou 
de cos V ct i6cipioquement Do plus ollcs aatisldont t\ la couditioii 
que la vitesse clu layoii luinincux duns 1 inti^rioui du ciislnl iic dCporido 
que de a position pai lappoit a I axe du ciistal Nous obsoivCions ici 
que non soulement doit 6tie fonctiou do cos V mum qu il no doit 
dcpendic quo cks puHsanecs panes de cos V eai nous avons obbcrvfi 
Cl dossils que la vitesse v est la mOme poui tons ks layons qm foimcnfc 
avec laxe k nifirae angle 

It Mill be seen fiom tlicso extiacts that Laplace suppose s tlio action 
to be piopoitional to the sqiiaic ot tlio C 06 ine of tlio anglo mado by tiio 
refracted i ay with the axis and not to that of tho sme os Ti esnel 
states — riivNSLAxoiis Noie 



Article VII 

On Interpolation applied to the Galculaiton qf the Coefficionls uj 
the Develojinieni of the disturbing Function. By XJ.-J* 
Verrier. 

[Piom a sopnialo Tientiso Pniw, 18 'il ] 

1 The clcteimination of the periodical and secular 
ties of the planets is earned bnckjby thethcoiy of the vaviiiti(ni» 
of the arbitiary constants, to tlic investigation of tho develop** 
ment of certain expressions which arc functions of the tiino flud 
elements of the orbits These functions ai c i educed iaio a hcm-ics 
proceeding accoj ding to the sines and the cosines of the did'tu'tint 
multiples of the mean longitudes. And when the numcricul vd** 
hies of the coefficients of the piincipal tcims of those hoi les luivo 
been calculated, ne easily nruve at Ibo knowledge of iUo l>Oii tui- 
bations themselves of the planets. 

To obtain one of the coefficients in particular, the Mdcctuiquu 
supposes that wo commence by lorrning its auiilyticiil ex-* 
picssiou in function of the disturbing mass, of the seiui^uinjor 
axes, of the exccntricities and the inclinations of the orbits of the 
two planets under consideration, m function of the longitutlrs of 
their peiihelia and their nodes. This algebraical develop ixi cat, 
which lests wffiolly on tho employment of Tayloi^s ihcoicinj ollera 
no other difficulty tliau the length of the litcrnl cnlcvilatioim. 
But this difficulty is immense. Thus, notwithstanding all llic 
care of Burckbardt, the analytical expression winch he deter- 
mined for that part of the great inequality of Jupiter nucl Saturn, 
Avhich depends on the fifth powers of the excentneitios and in- 
ehnations, was found to contain some inaccuracies. TlniM Mr. 
Any, to obtain the expression of the inequality of a poviod 
which Venus introduces into the moan movement of tlio Karih, 
had to go through a very long piocessj and other geonictoiH^ 
starting fiom the same data, have been unable to find dgriiii ov- 
actly the sam<^ results. This inequality is hoivovci only of llio 
fifth order. To what difficult laboiu should wo then be led by 
the method of the algebraic developments, if we r/>coguizcd the 
necessity of having regard, in some theories, to mcqualitioB of ii 
highei Older? 

We might, it IS fine, attain to the seventh order, by incaiiH of 


I C VEURILll ON J HL ll.RlURBVi IONS 01 PI VTsBIS ^35 


the investigation nhich M Bmet picsented in 1812 to (he Aca 
demy of Sciences and m which he states the eiioi winch had ciept 
into that put of the gicat inequality of Jupitei which depends 
^ix the fifth 01 del But by the extent of that woik, wc may 
easily judge that all hope of fmthei advancing the aiqnoxima 
tions by tins path must be lost 

2 Inteipolation seems then alone capable of furnishing tlic 
coefficients coiiesponding to high multiples of the mean longi 
tudes The calculations ccitainly aie still vciy long but they 
aie not impiacticable^ like those winch icsult fiom algcbiaic 
developments Ihe distinbmg function depends on tlie mean 
longitudes of the distuibing planet and the distuibed planet 
and these two longitudes, in the development of the function, 
may be consideied as independent vaiiables By aitnbiiting to 
these vaimbles paiticuhr values, we obtain numeiical values of 
the distuibing function, a limited numbei of them selves foi the 
deteimination of a similu numbei of the coeflicients of tlic de 
velopment effected according to the sines and cosines of the 
multiples of the mean longitudes 

We may employ, accoiding to the well 1 nown foiraulm, all 
the numeiical values of the function coiiesponding to moan Ion 
gi tudes equidistant fiorn one another of an aic exactly dividing 
the ciicumfeiencc But this step is subject to an inconvenience 
A^hic-li cannot always be easily avoided If, in fact, we J now, 
foi a given numbei of values of the distuibing function, what is 
the lank of the fiistteim which is icgaidcd is ncghgcable, fie 
quently nothing indicates whcthei this tcim is leally small 
enough to be neglected without alteiing the dcgice of acciuacy 
aa Inch it is irapoitant to obtain And if we pciccive aftei ha 
ving effected the greatei pait of the calculations, that wc should 
have piescived only two tcims moie, we aic obliged eithei im 
mediatel) to double the numbei of the numeiical values em 
ployed or to lecommencc the whole woik, %oh%ch mil often pre 
sent less inconvenience 

To avoid these difficulties I piopose the employment of a me 
thod of inteipolation in which I satisfy the following coiidi 
tion — 

Having aheady executed the calculations necessary for the de 
termination ofnof the coefficients if we find that p oilws must 
be pi eseiwed this may he done without having executed mm e cal 
culations than if we had had regaidy Jiom the hegtnmngy to the 
(n + p) coefficients 



33(5 LC VURUIDR ON THE 1 EEaOUB VUONS OE PLANEIS 


3 Let us designate by R Hie distuibing function , by I and I* 
tbe mean longitudes of the distiubtd planet and of the distuib 
mg planet, and let us put 

+ S COS(^ l + t^ V))J 

C being a constant The indices ^ and may have all cutue 
positive and negative values from zcio to infinity But it is suf 
ficient also to give to one of them, ^ foi example, positive values 
only This we shall suppose 

Let us fiist leave the longitude ? constant, and give succes 
Bively to the longitude I the equidistant values 0, «, 2 «, 3 «, , 

p Uy a being an (no which dots not evactly divide the ciicumft 
ence If, loi one of these aics we attiibute successively 
to t the values 0, 1, 2, a!, , the coiiesponding numcucal 

value Kyj of tlic distuibmg function may be wiitten, — « 

Rj ^ C + S{ (0, ^') sin V f [0, t'] cos 

^^) sin [ipu+z^ ?) + [ly i^] cos {ip P ) }, 

the sign X having now only i elation to And m developing 
the sines and cosines, we shall have, 

11j 5=:C + 2{(0,^') sm + [0, ^^] cosi^i^} 

t') cos [i> sm sin;j « 

+ Sln^^?+[l, cost^ P} cQ^pu 

cos J ?— [t, z^l sm sin zp u 

+^{(^, + ih cos z^ cos zp u 

By only changing in this expiession, the quantities contained 
undei the signs X icmam constant We shall designate them 
more simply by putting 

C + S{(0, z^) sm V ? -h [0, z^] cos z^ f 

X{ [ly V) cos iS V — \zy z^'\ sin l^} ==; A/, I (3 ) 

S{(^, il) sin z^ t^] cos^' = 

and by giving siicccssuely to the values 0, 1, 2, up to 2 ?, 
the cxpiession (2 ) will fuinish the fullouing lelations 
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we have 2 z equations of tins land 
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6* We shall be able to eliminate then between these 
equations* But the lelations which would contain in gcneial bf, 
without Uft would be wanting lu symmetiy, and we shall make no 
use of them* It is prefeiable to eliminate at once and ij, audn 
to form 2) new equations which will be deduced from the 
qneceding combined thiee by tliicc as follows 

Let us designate by Mj, and Mg the fiist menibei s of tin cc 
of the equations (10*) taken consecutively. On making llie com- 
bination 

Mj + Mg— (11.) 

of these quantities, the tcims in and Zij will disappeai . Any one 
may eouvuice himaelt of this by substituting in this foimula, in 
place of M;, Mg. and Mg, the following expiessions of the purls 
dependent on and on in the flist mcmbcis of thice of the 
consecutive equations 

(«! —5] (1— A?), 

(«l ^ — 

Let us take three other coi responding terms in the fiisi mcm- 
beis of the same equations ^ for example the terms, 

(1— ,^^)^ 

By submitting them to the combination (IL), it will easily be 
found that expressipna of the following foim will lesult, 

and this formula will serve to construct the first members of 
the new equations by giving to the mclcx % values fiom 2 up to i, 
and to the quantity k values fiom 0 up to (2 3) 

With respect jto the second members of these new equations, 
we shall designate their real parts by {^)^y ( 2 ) 2 , (2)g, . . and by 
remarking that according to the first of the conditions (6.), 

cos Uy 

we shall find 

(2) 1 = (1) 1 + (l}a- ( 1)2 2 cos «,1 

(2),«(1)2+{1)4-(1)8 2C08«, 

(2)3=(l)a+ (1 )b”(1)4 2 COB a, 

&c 


. . ( 12 .) 



